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Fore^^ord 


^  HE  rapid  evolution  of  constructive  methods  in  recent 
years,  as  illustrated  in  the  use  of  steel  and  concrete, 
and  the  increased  size  and  complexity  of  buildings, 
has  created  the  necessity  for  an  authority  which  shall 
embody  accumulated  experience  and  approved  practice  along  a 
variety  of  correlated  lines.  The  Cyclopedia  of  Architecture, 
Carpentry,  and  Building  is  designed  to  fill  this  acknowledged 
heed. 

^  There  is  no  industry  that  compares  with  Building  in  the 
close  interdependence  of  its  subsidiary  trades.  The  Architect, 
for  example,  who  knows  nothing  of  Steel  or  Concrete  con- 
struction is  today  as  much  out  of  place  on  important  work  as 
the  Contractor  who  cannot  make  intelligent  estimates,  or  who 
understands  nothing  of  his  legal  rights  and  responsibilities.  A 
carpenter  must  now  know  something  of  Masonry,  Electric  Wiring, 
and,  in  fact,  all  other  trades  employed  in  the  erection  of  a  build- 
ing; and  the  same  is  true  of  all  the  craftsmen  whose  handiwork 
will  enter  into  the  completed  structure. 

4^  Neither  pains  nor  expense  have  been  spared  to  make  the 
present  work  the  most  comprehensive  and  authoritative  on  the 
subject  of  Building  and  its  allied  industries.  The  aim  has  been, 
not  merely  to  create  a  work  which  will  appeal  to  the  trained 
expert,  but  one  that  will  commend  itself  also  to  the  beginner 


and  the  self-taught,  practical  man  by  giving  him  a  working 
knowledge  of  the  principles  and  methods,  not  only  of  his  own 
particular  trade,  but  of  all  other  branches  of  the  Building  Indus- 
try as  well.  The  various  sections  have  been  prepared  especially 
for  home  study,  each  written  by  an  acknowledged  authority  on 
the  subject.  The  arrangement  of  matter  is  such  as  to  carry  the 
student  forward  by  easy  stages.  Series  of  review  questions  are 
inserted  in  each  volume,  enabling  the  reader  to  test  his  knowl- 
edge and  make  it  a  permanent  possession.  The  illustrations 
have  been  selected  with  unusual  care  to  elucidate  the  text. 

C  The  work  will  be  found  to  cover  many  important  topics  on 
which  little  information  has  heretofore  been  available.  This  is 
especially  apparent  in  such  sections  as  those  on  Steel  Construc- 
tion; Reinforced  Concrete  Construction;  Building  Superintend- 
ence; Estimating;  Contracts  and  Specifications,  including  the 
principles  and  methods  of  awarding  and  executing  Government 
contracts;  and  Building  Law. 

C  In  conclusion,  grateful  acknowledgment  is  due  the  staff  of 
authors  and  collaborators,  without  whose  hearty  co-operation 
this  work  would  have  been  impossible. 
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STRUCTURAL  DRAFTING 


PART  I 


DRAPTINQ  ROOM  EQUIPMENT  AND  PRACTICE 

Introduction.  Structural  drafting  may  be  defined  as  the  art 
of  making  drawings  of  certain  objects  and  placing  thereon  dimen- 
sions and  other  notes  which  when  taken  together  will  convey  the 
necessary  information  for  the  manufacture  and  in  some  cases  the 
erection  of  the  structure  under  consideration. 

In  the  making  of  these  drawings  great  accuracy  in  drafting 
is  not  necessarily  required.  The  chief  requisites  are  that  the  letter- 
ing and  dimensions  should  be  so  clear  that  no  misunderstanding 
is  possible.  Dimensions  not  given  should  never  be  scaled  by  the 
draftsman  or  workman,  but  the  actual  value  should  be  ascertained 
by  consulting  some  one  familiar  with  the  work. 

Classification  of  Drawings.  The  classes  of  drawings  which  are 
made  in  a  structural  drafting  room  are:  the  stress  sheet;  the  assem- 
bly, or  general  detailed,  drawings;  and  the  shop  drawings,  or,  as 
they  are  more  often  called,  the  detailed  drawings. 

The  stress  sheet  is  a  tracing  upon  which  is  usually  shown  a 
skeleton  outline  of  the  structure  upon  the  lines  of  which  are  marked 
the  stresses  which  are  caused  by  the  traffic  or  other  forces  to  which 
the  structure  is  subjected,  and  also  the  size  and  shape  of  the  mem- 
ber designed  to  withstand  these  stresses. 

The  assembly  or  general  detailed  drawings  usually  give  several 
views  of  the  structure  as  it  appears  after  it  has  been  erected.  On 
these  views  are  shown  to  scale  the  members  as  they  appear  in  the 
finished  structure  together  with  all  the  rivets  and  other  details 
necessary  for  its  completion.  The  overall  dimensions  are  usually 
given  and  also  any  other  dimensions  which  are  necessary  for  the 
draftsman  to  complete  the  shop  drawings.  While  the  size  of  the 
members  and  their  connections,  as  well  as  the  number  of  rivets 
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required,  are  always  given,  yet  in  a  few  cases  the  length  of  the  member 
or  shape  and  the  individual  spacing  of  the  rivets  are  also  given. 

The  shop  drawings,  or  detailed  drawings  as  they  are  more 
often  called,  consist  of  views  of  a  certain  member  of  the  finished 
structure  so  dimensioned  that  it  may  be  constructed  by  the  men  in 
the  shop.  It  requires  greater  skill  and  more  experience  to  make 
the  assembly  drawings  than  it  does  the  detailed  drawings,  but  in 
each  case  the  men  must  be  familiar  not  only  with  the  drafting  prac- 
tice but  also  with  that  of  the  mill  and  the  shop. 

Drafting-Room  Personnel.  A  drafting-room  force  consists  of 
an  engineer,  a  chief  draftsman,  squad  boss,  checkers,  draftsmen, 
and   tracers. 

The  engineer  has  charge  of  the  plant  as  well  as  of  the  drafting 
room  and  is  directly  responsible  for  the  ordering  of  all  material, 
the  manufacturing  of  the  structure  and  its  shipping  to  the  place  of 
erection.  He  conducts  the  correspondence,  keeps  track  of  the  work 
in  the  drafting  room  and  in  the  shop,  and,  in  case  his  plant  is  one 
of  many  of  a  large  corporation,  makes  weekly  or  monthly  reports 
to  his  superior  oflBcers.  In  case  his  plant  is  a  small  one,  the  en- 
gineer usually  does  most  of  the  work  of  designing  and  estimating. 

The  chirf  draftsman  is  directly  responsible  to  the  engineer  for 
the  getting  out  of  the  detailed  plans  or  shop  drawings  and  also 
ordering  of  the  material. 

The  sqiuid  boss  reports  to  the  chief  draftsman  and  his  duty  is 
to  keep  track  of  and  to  get  out  the  drawings  of  any  particular  struc- 
ture which  is  assigned  to  him  by  the  chief  draftsman.  The  squad 
bosses  usually  have  from  three  to  four  to  as  many  as  twenty  drafts- 
men under  them,  according  to  the  magnitude  or  the  number  of 
structures  which  they  are  responsible  for. 

In  addition  to  the  draftsmen  are  the  checkers,  certain  men 
usually  of  great  experience  in  matters  relative  to  mill  and  shop  as 
well  as  drafting-room  practice.  It  is  the  duty  of  these  checkers 
to  go  over  the  draftsmen's  work,  see  that  all  errors  are  corrected, 
and  then  finally  sign  it  as  approved.  The  checker  only  is  held  re- 
sponsible for  mistakes  which  then  may  be  left  upon  the  sheet. 

The  tracers  are  for  the  most  part  young  college  graduates  or 
apprentices,  and  their  office  is  simply  to  trace  the  drawings  which 
are  handed  to  them  by  the  draftsmen. 
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A  fireproof  vault  is  always  a  part  of  the  equipment  of  every  * 
ll-equipped  drafting  office.  In  it  are  kept  the  notebooks  in 
which  the  computations  necessary  for  the  design  and  detailing  of 
the  structures  are  kept,  and  also  the  tracings  which  have  been  made 
in  the  drafting  room.  In  case  the  drawing  of  any  particular  structure 
is  required,  the  tracing  is  taken  out  of  the  vault,  blue  prints  are  made, 
and  the  tracing  returned  as  soon  as  possible.  The  vault  should  be 
so  equipped  that  whenever  the  door  is  opened  the  interior  becomes 
lighted.  Aside  from  the  mechanical  convenience  of  this  arrange- 
tnent,  it  avoids  the  possibility  of  any  person  being  accidentally 
locked  in,  since  the  rule  is  that  in  case  of  fire  the  vault  should  be 
immediately  closed  by  the  one  nearest  to  it. 

Assifnnient  of  Work.  When  the  engineer  of  the  plant  received 
a  stress  sheet  from  his  head  oflScer  or  from  the  designing  depart- 
ment in  his  o^Ti  work,  he  hands  it  to  the  chief  draftsman.  The 
chief  draftsman  makes  a  record  of  it  and  gives  it  to  the  squad  boss 
who  b  most  accustomed  to  that  class  of  work.  The  squad  boss  in 
turn  hands  it  to  the  checker  or  checkers  and  these  men  make  details 
lor  the  various  parts  of  the  structure  and  make  layouts  for  the 
various  joints.  The  engineer  now  onlers  the  material  which  will 
be  required  to  build  the  structure  or  assigns  a  checker  to  do  so  and 
then  returns  the  stress  sheet  to  the  squad  boss  who  assigns  certain 
draftsmen  to  prepare  the  shop  drawings  for  the  structure.  Draftsmen 
make  the  drawings  and  turn  them  over  to  the  tracers  to  trace  them. 

After  the  tracer  has  finished  the  tracings  of  the  sheets,  he  passes 
Ibcm  to  the  checker  who  in  the  first  place  made  out  the  details  and 
layout  and  ordered  the  material.  The  checker  goes  over  these  trac- 
ings ver>'  carefully  and  sees  that  all  dimensions  are  correct,  that 
all  material  used  is  that  which  he  ordered,  and  if  the  drawings  are 
correct  he  signs  his  name  to  the  sheet.  If  the  dimensions  or  any 
other  matter  upon  the  drawing  is  found  to  be  incorrect,  the  checker 
places  a  ring  around  it  with  his  blue  ])encil  which  is  used  in  check- 
ing and  off  to  one  side  places  the  corre<t  value.  After  all  the  apparent 
errors  have  been  corrected!  in  this  manner,  a  consultation  In^tween  the 
diecker  and  the  draftsman  who  made  the  drawing  is  held.  The  errors 
aie  pointed  out  to  the  draftsman  who  in  turn  checks  the  work  to 
prove  the  checker's  results.  The  draftsman  then  takes  the  drawing 
and  makes  the  necessary  changes  and  returns  it  to  the  checker. 


18 


4  STRUCTURAL  DRAFTING 

Great  care  should  be  taken  in  making  the  changes  that  no 
dimensions  or  other  notations  wTitten  upon  the  drawing  by  the 
checker  are  rubbed  off.  The  checker  then  examines  the  drawing 
carefully  to  see  that  all  the  errors  which  he  has  pointed  out  have 
been  corrected.  He  then  cleans  the  tracing,  signs  his  name  to  it, 
and  returns  it  to  the  squad  boss.  The  squad  boss  in  turn  has  the 
necessary  blue  prints  made  and  turns  the  tracing  together  with 
the  prints  over  to  the  chief  draftsman,  who  in  turn  files  the  tracing 
in  its  proper  place  and  gives  the  blue  prints  to  the  engineer  of  the 
plant  who  sees  that  they  are  distributed  to  the  foremen  of  the  various 
shops  where  they  are  required. 

Records.  A  job  is  knoun  by  the  order  number  which  is  given 
it  when  it  comes  into  the  hands  of  the  engineer  of  the  plant.  This 
order  number  should  go  on  all  papers  upon  which  anything  con- 
cerning that  structure  is  placed.  Failure  to  do  this  \vdll  result  in 
great  confusion  and  much  time  will  be  lost.  The  penalty  for  persist- 
ent failure  to  comply  with  this  very  important  method  of  procedure 
is  usually  dismissal. 

Since  the  draftsman,  or  in  fact  any  of  the  office  force,  may 
work  upon  more  than  one  order  during  the  day  or  week,  and  since 
it  is  important  that  the  cost  of  the  drafting  or  engineering  work  for 
any  particular  order  should  be  knoun,  it  is  essential  that  the  men 
keep  time  cards  upon  which  the  order  and  the  time  placed  upon  that 
order  is  noted.  Usually  fractions  of  an  hour  less  than  one-fourth 
are  not  reported.  Fig.  1  shows  one  of  these  time  cards  upon  which 
is  noted  the  work  of  a  checker  for  one  week.  It  shows  that  he  has 
worked  upon  several  orders  and  also  shows  the  exact  amount  of 
time  he  has  placed  upon  each  one  and  also  the  rate  per  hour  which 
he  received.  In  this  way  it  is  possible  to  obtain  the  cost  of  engineer- 
ing of  any  particular  order  when  it  has  finally  been  finished. 

An  orderly  record  of  the  passage  of  the  work  from  the  time  the 
stress  sheet  enters  the  engineer's  office  until  the  material  has  been 
shipped,  and  also  a  record  of  the  progress  of  the  work  during  erection, 
should  be  kept.  This  is  usually  kept  on  3X5  cards  in  the  engineer's 
office.  In  addition  to  this  card-index  record,  a  monthly  report  in 
blue  print  form  is  kept  showing  the  progress  of  the  various  orders. 
For  instance,  the  progress  report  would  contain  such  items  as  these: 
Order  received,   layouts   m^de,   material   ordered,  detailed  sheets 
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finished,  shop  bills  made,  templet  work  finished,  work  fabricated, 
work  shipped;  and  in  addition  to  this  progress  report,  which  is 
made  out  in  the  office,  is  the  report  of  the  erector  on  a  job  in  the 


Fig.  2.     Side  View  of  Drawing  Board,  Having  Elevating  Pegs 

field.  The  erector's  form  of  report  contains  such  headings  as  tend 
to  indicate  the  progress  in  the  false  work;  the  erection  of  the  trusses 
and  floor  system;  and  the  amount  of  field  riveting  and  painting 
completed. 

Drafting  Materials.  Instruments,  The  drafting  instruments 
required  are:  A  drawing  board,  T-square,  triangles  of  various  kinds 
as  noted  below,  pencils,  scales,  erasers  and  erasing  shields,  a  set  of 
drawing  instruments,  a  large  linen  cover,  and  half  sleeves. 

The  drawing  board  should  be  made  of  soft  pine  with  battens 
upon  the  back  in  order  to  prevent  the  warping  of  the  board.  Since 
few  drawings  in  structural  engineering  are  larger  than  24X36  inches, 
it  b  not  necessary  to  have  the  drafting  board  larger  than  26X38 


Fig.  3.     45^  Triangle  with  Cope  and  Beam  Bevela 

inches.  A  drafting  board  should  not  lie  close  to  a  table,  but  should 
be  raised  from  the  table  by  small  legs  placed  at  its  upper  edge  as 
indicated  in  Fig.  2. 

The  T-square  should  be  about  40  inches  in  length  and  should 
be  of  good  quaUty  with  an  amber  edge  upon  each  side.    The  amber 
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edge  is  of  great  advantage  since  it  will  allow  the  draftsman  to  see 
lines  below  that  one  which  he  is  drawing  and,  therefore,  prevent 
him  from  overrunning  by  drawing  one  line  past  its  limiting  point. 
Such  a  T-square  may  be  procured  for  about  $2.25. 

The  triangles  should  be  of  amber  or  celluloid,  and  should  con- 
sist of  the  following:  One  45-degree  triangle  with  10-  or  12-inch 
sides;  one  smaller,  say  with  6-inch  sides;  two  60-degree  triangles 
with  10-inch  sides;  and  two  with  4-inch  sides.  One  or  more  of  these 
triangles  should  have  the  beam  and  coping  bevels  fixed  upon  it  as  in 
Fig.  3;  this  will  have  to  be  done  by  the  draftsman,  since  no  such 
triangles  are  on  the  market. 

The  pencils  used  by  the  draftsman  should  be  such  as  will  make 
dear  and  black  lines  upon  paper  in  case  the  drawing  is  to  be  traced. 
If  the  drawing  is  not  to  be  traced,  a  harder  pencil  will  suflBce.  In 
case  a  drawing  is  made  directly  upon  tracing  cloth,  a  soft  pencil 
should  be  used  and  it  should  be  kept  sharpened.  This  will  neces- 
sitate frequent  rubbing  over  the  sand  paper  pad  which  every  drafts- 
man should  have  close  at  hand  in  order  to  keep  a  good  point  upon 
his  pencil.  The  pencil  recommended  for  detailing  where  a  tracing 
is  to  be  made  is  "Koh-I-Noor,  3  H,"  although  some  draftsmen 
prefer  4  H  or  5  H.  The  latter  are,  in  the  writer's  opinion,  to  be 
recoDMnended  for  detailing  where  a  tracing  is  not  required  from  the 
original.  In  case  drafting  is  done  directly  upon  tracing  cloth,  a 
2  H  pencil  is  the  correct  one  to  use. 

A  red  pencil  should  be  kept  for  marking  upon  blue  prints  and 
a  blue  pencil  for  making  checks  on  tracings.  Never  use  a  red  pencil 
upon  tracing  cloth,  since  it  will  not  be  easy  to  erase,  whereas  the 
blue-pencil  mark  may  be  washed  off  with  gasoline  or  erased  with  a 
pencil  eraser. 

The  scales  required  are  the  architect's  and  the  engineer's.  The 
former  has  certain  divisions  upon  it  and  each  of  these  divisions  is 
divided  into  twelve  parts  which  indicate  inches,  and  these  parts  are 
in  turn  divided  into  halves  or  quarters  or  other  small  divisions 
denoting  the  fraction  of  the  inch.  The  architect's  scale  which  best 
serves  the  purpose  is  the  one  which  has  the  2-inch,  IJ-inch,  1-inch 
J-inch,  f-inch,  f-inch,  J-inch,  |-inch,  A-inch,  and  A-inch  scale. 
A  special  scale  for  the  making  of  drawings  to  a  large  size  or  for  the 
making  of  layouts  is  a  great  convenience.     Such  a  scale  is  on  the 
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market  and  is  divided  so  that  half  of  an  inch  is  equal  to  one  inch. 
This  scale  should  be  in  the  outfit  of  all  checkers.  The  engineer's 
scale  is  one  on  which  the  inches  are  divided  into  certain  decimal 
divisions.  The  best  scale  for  this  is  that  which  has  its  edges  divided 
into  10,  20,  40,  50,  and  60  parts  of  an  inch.  This  scale  is  of  use 
only  in  laying  off  bevels  and  natural  functions  of  angles  or  in  draw- 
ing outlines  upon  which  details  will  be  constructed  with  the  use  of 
the  architect's  scales.  The  tendency  of  young  engineers  to  use  the 
engineer's  scale,  allowing  a  certain  decimal  to  equal  a  certain  fraction 
of  an  inch,  is  to  be  discouraged  because  of  the  liability  of  error,  and 
a  severe  penalty  imposed  for  a  second  offense.  Care  should  be  taken 
in  the  use  of  scales  such  as  the  architect's  which  have  different 
scales  on  the  same  edge  in  order  not  to  get  the  feet  which  belong  to 
the  wrong  scale. 

A  small  paper  clamp  should  be  attached  to  the  scale  a  short 
distance  from  the  center  opposite  the  end  where  the  scale  which  the 


Fig.  4.     Triangular  Boxwood  Scale,  with  Scale  Guard  or  Clamp  in  Podtion 

draftsman  is  using  is  situated.  This  will  prevent  the  scale  from 
being  turned  over,  hence  avoiding  any  other  scale,  but  the  one  the 
draftsman  is  using  at  the  time,  turning  up.  Also  when  the  draftsman 
picks  up  the  scale  by  the  paper  clamp,  the  end  on  which  the  scale 
he  is  using  is  situated  vnll  tilt  downward  and  at  once  indicate  to 
him  which  end  he  should  place  in  position  to  measure  what  he 
wishes.  Fig.  4  shows  one  of  these  clamps  in  position  for  the  scale  as 
indicated. 

A  good  ink  eraser,  together  with  a  metal  sheet  called  an  eraser 
shield  in  which  are  various  shaped  holes,  is  an  indispensable  adjunct 
of  the  draftsman.  In  all  cases  where  it  is  necessary  to  erase,  the 
ink  eraser  and  the  shield  should  be  used.    Never  use  a  knife  to  erase 
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either  upon  a  paper  or  upon  a  tracing  cloth,  for  no  matter  how  sharp 
the  knife  is,  the  sheet  will  be  rubbed  and  ink  will  not  run  smoothly 
upon  the  place  so  worked  over.  A  good  soft  rubber  may  be  used 
for  erasing  pencil  marks  upon  either  the  paper  or  the  tracing  cloth, 
although  benzine,  turpentine,  or  gasoline  is  much  better  for  erasing 
pencil  marks  and  cleaning  off  other  dirty  spots  on  the  tracing  cloth. 
Care  should  be  taken  to  investigate  the  status  of  the  insurance  and 
fire  laws  on  this  point,  since  in  many  cases  it  is  not  allowable  to  use 
such  inflammable  materials  in  houses  of  the  character  of  the  draft- 
ing office. 

An  expensive  set  of  instruments  is  not  necessary  in  order  to 
do  good  drafting.  A  good  pen,  a  bow  pen,  a  pair  of  dividers,  and  a 
compass  with  pencil  and  pen  point,  are  all  that  are  necessary.  In 
many  cases  it  is  advisable  to  have  two  or  more  pens,  one  of  which 
should  be  quite  large,  one  medium,  and  one  rather  small. 

Many  good  drafting  inks  are  sold  in  the  open  market,  and 
it  is  no  longer  necessary  for  the  draftsman  to  make  his  own  ink  by 
combining  India  ink  with  water.  In  fact  this  is  a  distinct  disad- 
vantage, since  many  of  the  drafting  inks  on  the  market  are  water- 
proof and  while  tracings  should  not  be  placed  so  as  to  become  wet, 
nevertheless  it  is  quite  an  advantage  to  use  waterproof  ink  upon 
them,  so  that  in  case  they  should  be  accidentally  wetted,  it  will 
not  injure  them  so  that  they  can  not  be  used. 

A  sheet  of  cambric  of  dark  color  the  size  of  the  drafting  board 
or  better  still  the  size  of  the  entire  table  and  drafting  board  should 
be  used  to  cover  up  the  work  when  no  one  is  working,  since  dust 
accumulates  very  readily  upon  the  drafting  board  and  produces 
much  undesirable  dirt  and,  therefore,  a  very  dirty  drawing.  It  is 
also  advisable  upon  starting  work  in  the  morning  to  brush  off  the 
desk  and  drawing  board  and  to  wipe  off  the  T-square  and  triangles 
with  a  cloth.  This  will  prevent  dirty  marks  appearing  on  the  draw- 
ing when  they  are  first  placed  upon  them. 

Detail  Paper.  Detail  paper  is  the  paper  upon  which  a  drawing 
is  made  before  it  is  traced  or  upon  which  drawings  are  made  to  be 
used  by  the  detailers  in  making  up  the  details  of  the  structure.  Detail 
papers  should  be  of  buff  color  in  order  to  prevent  the  showing  of  dirt 
upon  them  too  easily,  and  also  to  be  restful  to  the  eye,  and  they 
should  present  a  surface  which  will  take  a  pencil  or  ink  mark  equally 
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well,  and  they  should  not  be  so  thin  that  they  will  not  stand  a  great 
amount  of  erasing. 

Many  good  papers  may  be  bought  in  the  open  market.  They 
may  be  purchased  in  sheets  of  a  desired  size  or  they  may  be  purchased 
in  rolls  of  a  certain  weight,  and  any  width.  WTien  sold  in  sheet  form 
they  are  usually  sold  by  number  of  sheets;  when  sold  in  roll  form, 
by  weight.  An  inspection  of  the  trade  catalogue  or  letters  of  inquiry 
to  any  of  the  manufacturing  concerns  will  bring  further  information 
if  desired. 

The  standard  size  of  a  detailed  sheet  is  24X36  inches.  Inside 
of  this  are  drawn  two  borders  each  ^  inch  from  the  other.    In  the 
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Fift.  5.     standard  Detail  Sheet  with  Dimensions 

lower  right-hand  corner  is  the  place  for  the  title.  The  size  of  this 
block  is  4X5^  inches.  The  24X  36-inch  size  is  the  outside  dimension 
of  the  brown  paper  or  detailed  sheet.  The  23X35  inch,  which  is  the 
size  of  the  first  border  line,  is  the  line  upon  which  the  blue  prints 
are  cut.  The  second  border  line  is  the  real  border  line  of  the  draw- 
ing, and  remains  upon  the  blue  print.  Fig.  5  indicates  the  dimensions 
indicated  above. 

Tracing  Cloth,    Tracing  cloth  is  used  on  account  of  the  fact  that 
the  prints   may  be  made  from  it  and,  therefore,  any  number  of 
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duplicate  copies  may  be  made  available  for  distribution  to  the 
various  departments.  The  drawings  should  be  made  upon  the 
rough  side  of  the  cloth  since  this  takes  the  pencil  mark  and  also  the 
ink  better  than  does  the  smooth  side.  The  rough  side  is  also  of  a 
great  advantage  when  it  comes  to  reproducing  the  figure  by  photog- 
raphy. In  order  to  make  the  ink  take  readily  upon  the  tracing 
cloth  and  flow  easily,  the  cloth  should  first  be  cleaned  by  rubbing 
over  with  powdered  chalk  or  wiping  it  off  with  gasoline.  This  removes 
all  trace  of  grease.  Before  placing  the  tracing  cloth  upon  the  draw- 
ing, the  pink  border  or  edge  which  appears  upon  the  cloth  should 
be  torn  off.  If  this  is  not  done  the  sheet  will  be  affected  unevenly 
by  changes  in  temperature,  and  dampness  will  cause  the  cloth  to 
wrinkle  up  on  account  of  the  fact  that  the  border  is  not  affected  by 
dampness  and  the  remainder  of  the  cloth  is.  This  will  make  it 
diflBcult  for  the  draftsman  to  complete  his  drawing  in  good  form 
in  case  he  has  let  it  lay  over  for  a  considerable  time,  since  the  lines 
which  he  made  at  first  will  be  moved  from  their  original  position 
by  the  wrinkled  condition  of  the  sheet.  In  case  it  has  been  forgotten 
to  tear  off  this  border  and  the  sheet  becomes  wrinkled  it  is  advis- 
able to  tear  off  the  border  and  leave  the  sheet  until  it  becomes  straight- 
ened out  before  further  drafting  is  done. 

In  some  cases  tracing  paper  is  used  in  making  small  unimpor- 
tant drawings.  This  paper  should  be  of  good  quality  in  order  that 
it  may  stand  erasing,  since  mistakes  are  liable  to  occur  and  these 
must  necessarily  be  corrected.  The  best  tracing  paper  is  brittle 
and  will  not  stand  much  handling.  For  this  reason  its  use  for 
expensive  drawings  is  not  to  be  recommended. 

Stress  Sheet.  The  stress  sheets  for  various  structures  are  usually 
not  made  in  the  drafting  room,  but  are  made  in  the  designing  room 
of  the  company.  Much  data  and  many  computations  are  made  by 
the  designer  which  would  be  of  use  to  the  draftsman  in  detailing. 
All  of  this  information  should  be  placed  upon  the  stress  sheets. 
The  making  of  a  stress  sheet  should  be  and  usually  is  done  by  men 
of  considerable  experience.  Plates  I,  II,  V,  and  VI  show  stress 
sheets  of  a  truss  bridge,  roof  truss,  and  a  plate  girder,  respectively, 
and  while  these  can  not  be  said  to  be  perfect,  yet  they  indicate  the 
engineering  practice  of  our  larger  bridge  corporations  and  may  be 
taken  for  examples.    (For  Plates,  see  pages  63,  82,  88,  and  89.) 
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ORDBRINO  OF  MATERIAL 


Since  the  ordering  of  material  is  of  great  importance  it  will 
be  discussed  here  somewhat  at  length.  Although  this  is  usually 
done  by  men  of  considerable  experience,  yet  it  is  advisable  that  the 
draftsman  should  know  the  method  of  procedure  in  order  that  he 
may  be  able  to  make  the  detail  drawings  more  advisedly. 

Layout.  Typical  Case.  As  has  been  mentioned  before,  the 
checker  makes  details  to  a  large  size  scale  from  which  he  determines 


.  e.     Layout  Ic 


the  size  and  amount  of  material  required  for  certain  members.  In 
order  to  illustrate  this,  let  it  be  required  to  determine  the  size  of 
the  plates  and  the  length  of  the  angles  used  in  the  cross  frame  of 
the  plate  girder  shown  on  Plate  VI,  Here  the  checker  first  lays  off 
the  center  to  center  of  the  girder  to  a  small  scale,  say,  3"  to  1'.  These 
lines  are  marked  1  in  Fig,  6,  He  nc.\t  draws  a  web  to  the  proper 
thickness  and  then  follows  in  turn  the  flange  angles  and  the  bracing 
angles  as  indicated  by  the  numbers  2,  3,  etc.,  on  the  figure.  The 
Dumber  of  rivets  in  the  top  and  bottom  angle  and  in  the  diagonal 
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should  Ik*  piven  on  the  stress  shirt.  These  should  he  Inid  off  on  the 
•*lay(Uit."  which  is  the  name  for  the  drawing  that  has  just  Imm'Ii  made, 
any  spaein^;.  preferahly  'A  inches,  hciiip  used  so  that  the  plate  nuiy 
Ih.*  kept  as  small  as  {Nissihle.  It  is  as  a  usual  thing  not  fNissihle  to 
have  the  rivet  spacing  in  hoth  the  diagonal  and  tht*  top  and  the 
siilr  angh'S  of  ecjual  spacing.  The  nutnlHT  of  rivets  is  u^uidly  put 
in  the  diagonal  at  alniut  a  .'Uinch  spacing,  and  the  spacing  of  the 
rivet>  in  thi»  top  and  the  ^de  angles  is  so  varini  as  to  fill  out  the 
plate  as  indicated.  No  rivet-*  >houM  come  cIomt  to  the  edge  of  the 
plate  than  1 '  inches  n(»r  further  from  the  edge  than  2  inches,  and  no 
plate  >houl«l  he  l4-s>  than  an  c\ en  numhcr  of  incht's  in  width  although 
it>  h'ligth  may  Im'  in  fci't.  or  in  incho  to  an  eighth  of  an  inch.  It  is 
Tjitt  iNiliry  t(»  place  the  length  nf  the  plat<*  in  sixteenths  of  an  inch, 
••iiuf  the  >hopmen  are  uiiaMe  tn  cut  that  e|ii>c.  'Ilierefore,  in  dfter- 
rniniiig  the  >ize  of  the  pliite  the  rivet>  should  he  >o  placed  that  a  suf- 
fli  ient  muhlNT  <*houId  go  in  and  the  >i/e  nf  the  phite  he  kept  an  even 
nunilNT  «»f  inche>  in  wiiith.  If  tlie  ri\et"-  alone  governed  the  -ize  (»f 
T)]e  plate,  it  Would  he  a^  indicated  li\  the  dotted  lirle^  in  I'ig.  fi.  mul 
the  «iinten>ion>  wi»uld  then  he  a-  indiiHted  hy  the  dirnen^ion^  v\ith  a 
11:. r  drawn  around  it.  The  cnrrei  t  -i/e  nf  tin-  plate  i^  a-  iridicated  l»y 
the  fell  lint*. 

n.f  lei.^th  of  the  IIm-  fp'tu  irit»T-e(  tion  to  iriter-ectioii  [Miint 
:-  ^ -''.*.  '  a-  iiidi<ated  ujmmi  rlie  lira^*.  it.;:.  Ifi  onler  To  have  tho 
1«-:  ^"tIi  of  the  diai:i»i.:il  to  mrM  niit  ri.e  r.ian-  t  ixteer.rli  of  an  nuh, 
:!.••  di^t.iii*-*'  I'f  tlie  tir-t  ri.»r  fp-in  tlie  ii.TiTei  rinii  i-  Taken  ari)i- 
tniril'  ai.d  i-  a-  iuiii  at«'l  li«r'  .  7  i;. •!.'■-.  It  i-  rot  m/i-  ar*  To  '/i\f 
tM-  -iin.'-i.-i'ii  t'»  a  tliir?- — •  •  ■■:,.l  •:*  .ir.  I:.-!..  \\  >  *■  if  r!.*-  •lia::or,al 
'.. trie- that  11. --I*  h  fn»ni  tlie  •••::.;■  .•'•:  I'*/*!  .  ir  •  ji.  \,f '\r.i.*.u  Mp  iriTn 
:I.i«t-  h;.  ii'ii.j  a  'Irift  j-ii.  .i:  !  '.r.  ••♦■  r:  ••»■'!  nji  ui*l.»rjT  ir.JMri:  / 
tI.»-  n..iT»rial. 

ft,  f ;  t  ',  .'>  -  ;.,/  />-•'•/,.  'I:  ,■  :..fr..r  lia-  r.o-.^  defrr- 
n. ::•■'!  t:.»-   •  .  •■  "f  t:  ♦-  ]'.,r>-  .:■.-:   •;'    i'V".   -f  '\  *•  •i..:/'.:.al   ^i; /!«• 

ar.'i  :.•■  r*  -  ■  :  i-  •;.»■:;.  •.:*•."'   ::.:••■.  t.  •  •■    •..     ♦:.•?..  ?:.•■ 

■ 

••       •    I.     1*     ii^i'f'^   ?'  r   '■    •••  "  I  ■  •    •      •.■•  •  •  -     I    ••      I    I  I  ■ 

•  i  *:.'•  r;..i''  t.m  ^m  -!.•  ■..•:  '  •   _■    •   .  *■    ".  *  ■:-  ::•  :;.a  .    •   .••:.  :.*•    '.-.r 
•.      :•  •.!..  •:•   jiri*  r.     Ih    "^  ..  "    •      :   s    •    *    »       '»    ■  f  .i  :...i?f  .r  •:  •■  ♦■ 
•.-•#■  ■  ?  .!!.  .1?  j:»  •'■■r  '}..i'  :,ir     ..!-.•:•-    .    ••  .i*  •}>•  n. ^ferial  .»r..i  i. 
Ll-  ti*:T-ri  opirpi!.  ppihahi,    I;.!.:.*:. -.  fi^r-T^-.  itr.d  ha^^  arrival  Firfore 
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TABLE  1 
Allowances  for  Single  Lengths 


Description  of  Material  or  Rule 


Web  plates  when  ends  are  planed 

Web  plates  when  one  end  only  is  planed 

Web  plates  over  24'  wide,  ends  not  planed 

Web  plates  under  24'  wide 

Cover  plates  and  all  other  plates  that  must  be  full  length  when 

in  work 
All  angles  where  full  length  must  be  maintained 
All  channels  when  ends  are  planed 
All  channels  when  ends  are  not  planed 
All  I-beams  when  ends  are  planed 
All  I-beams  when  ends  are  not  planed 
All  Z-bars  when  ends  are  planed 
All  2-bars  when  ends  are  not  planed 

All  plates  over  i'  thick  (except  when  ends  must  be  planed) 
Order  width  of  all  sheared  plates  i'  greater  than  finished  width 

when  planed  edges  are  specified 
Order  all  end  connection  angles  which  must  be  planed  or  faced 

-ff'  thicker  than  specified  thickness 
Order  sole  plates  planed  one  side  A'  thicker  than  specified 
Order  sole  plates  planed  both  sides  i'  thicker  than  specified 
Order  Tees  when  ends  are  not  planed 


Allowance 
Inches 


Add  t 
i 
I 
f 


I 
f 
f 

0 

I 

0 

f 

0 
0 


AddO 


the  draftsman  starts  the  detail,  can  be  used  and  will  be  used  in  that 
girder.  In  case  the  draftsman  details  the  cross  frame  without  con- 
sulting the  layouts  and  bills  of  material,  he  is  liable  to  draw  up  a 
detail  which  will  demand  a  plate  larger  or  smaller  than  that  ordered 
for  that  particular  plate;  in  the  first  case  a  new  plate  will  be  required, 
the  ordered  plate  being  placed  in  the  stock  pile  until  some  other 
job  comes  up  in  which  it  can  be  used;  and  in  the  second  case  the 
plate  ordered  will  have  to  be  cut  down  to  the  size  of  plate  the 
draftsman  has  used,  thus  necessitating  extra  expense  and  loss  of 
material. 

In  accordance  with  the  method  above  stated,  layouts  are  made, 
then  material  ordered  for  all  details,  and  these  layouts  and  copies 
of  material  bills  are  laid  aside  to  be  placed  in  the  hands  of  the  drafts- 
man who  detailed  the  subject.  Before  the  material  is  ordered  from 
the  mills,  these  bills  should  of  course  be  checked  by  another  checker 
or  by  the  squad  boss. 
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In  making  layouts  where  angles  are  placed  so  that  one  of  their 
legs  b  vertical,  care  should  be  taken  to  see  that  the  horizontal  leg 
is  at  the  top  in  all  cases  where  the  angle  is  exposed  to  the  action  of 
rain  and  snow.  If  it  is  not  in  this  position  the  angle,  in  case  it  is  on 
a  slant,  ^nll  ser\'e  as  a  little  trough  down  which  the  rain  and  melted 
snow*  will  run  into  the  joint  at  the  lower  end.  In  case  the  angle  is 
not  on  a  slant  it  forms  a  pocket-like  arrangement  so  that  the  snow 
and  ice  may  lodge  upon  it  to  a  greater  extent  than  if  it  had  the 
vertical  leg  downward.  Rust  will  result  and  the  angle  will,  there- 
fore, deteriorate.  In  cases  such  as  lower  chords  and  diagonals  of 
roof  trusses,  the  vertical  leg  of  the  angle  should  extend  upwanl, 
since  here  the  angles  are  not  exposed  to  the  elements  and  it  is  some- 
what of  an  advantage  that  the  angle  should  catch  any  dust  which 
falb  upon  it,  and  should  hold  it  in  order  to  keep  it  from  dn)pping  to 
the  floor  beneath. 

AUowances  for  Planing  and  Cutting.  Single  Lengths,  When 
material  b  ordered  it  should  be  so  onlercil  that  it  will  Ix*  sure  to  l>e 
of  the  correct  length  when  it  gets  to  the  shop.  If  the  material  is 
onlered  in  single  lengths,  that  is,  the  length  onlcred  to  go  into  the 
finished  structure  without  bi»ing  cut  in  two  or  more  pieties  after  it 
gets  to  the  shop,  it  is  customary  to  make  some  allowanc*e  for  planing 
off  the  ends  or  for  chancre  em)rs  in  the  mills  where  the  men  may  not 
be  careful  enough  in  cutting  and  may  accidentally  make  the  cut 
a  short  dbtance  on  one  side  or  the  other  of  the  mark  which  would 
give  the  exact  length  The  customary  allowances  for  single  lengths 
are  given  in  Table  I. 

Muliijde  Lengths,  In  cases  where  there  are  several  pie<'es  of 
the  same  size  and  length,  they  may,  for  (x)nvcnienct*  in  handling, 
be  ordered  in  one  piece  at  the  mills  and  cut  into  lengths  after  they 
reac*h  the  shop.  In  this  case,  however,  care  must  Ix?  taken  that  the 
multiple  length  b  not  too  long  to  ship  on  an  ordinary  freight  car. 
The  allowances  to  be  made  in  such  cases  and  the  general  rules  are 
given  in  Table  II. 

AUowances  for  Pin  Material.  In  case  material  is  ordered  for 
pins,  it  b  necessary*  that  certain  allowanws  l>e  made  for  turning 
and  for  ordering  in  multiple.  The  following  very  general  rules  are 
given  in  Table  III. 
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TABLE  11 
Allowances  for  Multiple  Lenfi^ths 


No. 


Rule 


1 
2 

3 

4 
5 
6 

7 
8 

9 

10 

11 

12 

13 

14 
15 

16 

17 


No  pieces  more  than  7  ft.  long  are  to  be  ordered  in  multiple  lengths 

unless  under  special  instructions 
In  arranging  multiple  lengths  make  lengths  about  30  ft.  and  never 

exceed  32  ft. 
Never  order  plates  over  24'  wide  in  multiple  lengths 
Never  order  plates  i'  thick  in  multiple  lengths 
Never  order  channels  in  multiples  unless  specially  instructed 
Never  order  I-beams  in  multiples  unless  specially  instructed 
Never  order  Z-bars  in  multiples  unless  specially  instructed 
Plates  and  shapes  to  be  sheared  to  length  without  finishing,  add  I'' 

to  product  of  length  times  number  required 
When  planed  ends  are  required  add  specified  amount  to  each  piece 

multiplied  and  add  1'  to  multiple  lengths  so  found 
Stiff eners  with  fillers,  add  i'  to  net  length  of  each  for  planing  and 

1'  to  multiple  length  so  found 
Stififeners  when  crimped,  order  same  as  b-h  of  girder  angles  plus 

i'  for  planing  and  add  1'  to  multiple  length  so  found 
When  4  or  less  shapes  not  over  3  ft.  long  are  ordered  in  multiple 

lengths,  add  i'  to  multiple  and  add  for  planing  when  required. 
When  ordering  fillers,  allow  i'  clearance  at  ends  when  necessary, 

and  add  for  multiple  as  for  plates 
Make  all  multiples  end  with  nearest  i' 
Tees  under  7  ft.  long  may  be  ordered  in  multiple  lengths.     Add  2" 

to  length  times  number  required  and  make  longest  multiple 

24  ft. 
If  I-beams  or  channels  are  cut  from  long  lengths  allow  loss  of  31'^ 

for  each  cut 
7'X3i'  angles  can  be  multiplied  up  to  and  including  }'  in  thickness 


Allowances  for  Bending.  In  all  cases  where  angles  have  to  be 
bent,  additional  material  is  required.  In  such  cases  the  following 
rules  are  applicable: 

(1)  In  the  case  of  Fig.  7a.  Figure  length  on  e.g.  line  of  angles  and  add 
1'  for  each  bend  when  the  angle  of  bend  is  not  more  than  about  30**;  add  2' 
for  each  bend  when  the  angle  is  between  30°  and  60°;  over  60**  ask  for  special 
instructions  from  the  forge  shop. 

(2)  In  the  case  of  Figs.  7b  and  7c.  In  the  case  of  sharply  curved  end 
angles  or  when  sharp  bends  are  made  near  ends,  add  to  the  length  figured  on 
the  e.g.  line  as  follows:  3-inch  angles  add  4';  4-inch  angles  add  5';  5-inch 
angles  add  6';  6-inch  angles  add  7';  7-inch  angles  add  8';  and  8-inch  angles 
add  9'. 
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TABLE  111 
AUowances  for  Pin  Material 


RuU 


Pins  up  to  and  including  4'  in  diameter,  add  {'to  finished  diameter 
for  turning 

Pina  4'  to  6'  in  diameter,  add  }'  to  finished  diameter  for  turning 

Pins  over  6'  in  diameter,  add  J'  to  fininhed  diameter  and  order  them 
rough  turned  unless  8iH»cially  in8tructe<l  to  the  contrary 

Pina  up  to  and  including  6'  in  diameter  shall  be  ordered  in  multiple 
length  of  about  12  ft.  Add  A'  for  ^^^^  ^oo^  ^^^  an^  1'  to  mul- 
tiple length  thus  found 

Pins  over  6'  in  diameter  shall  be  ordered  in  single  pieces  and  to 
exact  length  required 

When  pins  are  over  4'  diameter,  ordered  diameters  must  end  in  no 
fractions  smaller  than  quarter  inches 


Ftc.  7.     lUuatratiun  Showinic  Anclo  B«Ddj 

Shop  Bills.  In  onler  to  facilitate  the  getting  out  of  certain 
articles  which  are  of  the  same  general  form  hut  of  different  dimen- 
sions,  and  for  «)nvenience  in  tahulating  information  relative  to 
ccftmin  material  either  l)efort*  or  after  it  has  Ihhmi  assembled  into 
members  for  structures,  certain  hills  calknl  **shop**  bills  are  used. 
These  bills,  which  save  much  drafting  and  much  letter  ^Titing, 
may  be  of  almost  any  character  to  suit  the  practical*  of  the  plant.  Figs. 
8  to  26  give  the  headings  of  various  bills  and  Fig.  27  gives  the  head- 
ing of  a  bill  which  is  used  in  case  it  lKM^^)mes  desirable  to  change  an 
order  which  has  been  sent  in.  The  lower  part  of  Fig.  27  is  suitable 
for  all  of  the  other  bills. 

These  bills  are  made  on  thin  paper  so  that  prints  may  be  made 
from  them  and  sent  to  the  various  shops  concerned.  A  copy  of  each 
should  also  l)e  filed  in  the  engineer's  offi(*e,  and  all  bills  of  each  job 
should  be  kept  together  by  binding  in  some  way. 
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DETAILINQ— GENERAL  INSTRUCTIONS 

Lettering.  In  order  that  the  drawing  may  give  the  necessary 
information  and  that  no  mistakes  should  occur  in  the  reading  of 
the  drawing  by  the  shopmen  or  others,  it  is  nec*essary  that  the  letters 
and  dimensions  upon  the  drai^-ing  be  made  so  that  they  are  exceed- 


^ 


I'  n'oDi 


Fie    28.      Method  of  Constructing  Part4  of  Small  Arc-Une  Ix»ttera 

ingly  clear.  In  order  to  save  time  in  lettering,  an  alphal)et  should 
be  used  that  can  be  made  quickly  and  easily.  The  alphabet  which 
is  knomi  as  the  straight-line  alphabet  fulfills  these  conditions.    It 


n^i^a 


^.^ 


Fie   20.     Method  of  Conatructing  Parta  of  Small  Arc-Line  Letters 


.A.,... 


is  made  by  one  of  the  characters  or  by  a  combination  of  the  char- 
acters sbomi  in  Fig.  28.     A  study  of  Fig.  29  will  show  that  the 

general  scheme  of  this  system  consists  of 
the  oval  and  the  straight  line. 

The   slant  at  which  these  letters  are 
made  is  a  very  inii)ortant   factor  in  a 
drawing,  the  proi)er  slant  being  3  in  8. 
as  shown  in  Fig.  .'iO.     Kvcn  a  slight  in- 
crease, however,  will  give  one  the   im- 
pression  that    the   letters   lean   too  far 
forwanl  and  it  will  siM)il  the  api)earance 
of  a  drawing  other\iise  gcxxl. 
The  height  of  the  lower  part  of  the  letter  should  l>e  equal  to 
two-thirds  or  more  of  the  total  height.     Figures  should  l>e  of  the 
same  height  as  the  capital  letters,    llie  total  height  of  the  small 
letters  should  not  be  less  than  one-tenth  of  an  inch.      Thb  makes 


fW   30      Method  of  Conctmetinc 
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the  capitals  three-twentieths  of  an  inch  high,  not  less.  The  reason 
for  adopting  this  height  of  letters  is  in  order  that,  if  necessary,  ordi- 
nary tracings  may  be  reduced  for  publication  and  the  letters  will 
then  show  up  clearly.    Fig.  31  shows  the  complete  alphabet  and 

a'bcd'&  fgi  'hi'jkhm'rf  op  qf 


SfiUVy  wxyjZ  ^Itdj^ 


r  1"  5"  1"  5"  5   7  15 
8432848  16 

Fig.  31.     The  Completed  Letter,  with  Arrows  Showing  Direction  of  Stroke 

the  numerals  from  1  to  0,  also  several  fractions.  The  fractions 
should  never  be  made  less  than  one-tenth  of  an  inch  in  height  for 
each  of  the  members,  and  the  dividing  line  should  be  horizontal, 
never  slanting.  Fig.  31  also  shows  by  means  of  small  arrows  the 
direction  the  stroke  should  take  when  making  the  different  letters 
and  figures. 

There  is  a  tendency  to  make  several  of  the  letters  and  figures 
as  shown  in  Fig.  32.  This  tendency  should  be  carefully  avoided, 
special  attention  being  called  to  the  turned-up  ends  of  the  members 
of  different  characters.  Care  should  be  taken  not  to  get  the  upper 
part  of  the  s  and  the  8  larger  than  the  lower  part.    If  this  is  done 

or    if    the   two 

P      ^y^     M    IL     X     cr^        ^  /^       /-N^     parts  are  made 

ui      /  0     U     0   J      /^         /  J       equal  the  upper 

/Q        ^'-^       ^-v^      >— y  be  much  larger 

O        O       /      (V  and  these  char- 

(^^  acters  will  look 

Fig.  32.     Example  of  Poorly  Constructed  Lettera  OUt     of     propor- 

tion. 

The  capital  letters  S,  C,  £,  /',  P,  and  i?,  and  the  figures  2  and 
5,  present  some  difficulties.  These  characters  are  shown  in  Fig.  33, 
and  may  briefly  be  commented  on  as  follows: 
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Letter  S,  The  letter  S  should  begin  at  the  point  1  slightly  inside 
of  the  circumscribed  parallelogram.  The  line  should  then  be  tangent 
to  the  top  and  should  come  slightly  inside  of  the  further  side  at  point 
2.  It  should  then  cross  the  center  line  above  the  middle  height  at 
the  point  3  and  be  tangent  at  point  4  and  point  5  as  indicated. 

Letter  G.  The  letter  G  should  start  at  the  right  side  of  the 
parallelogram  and  be  tangent  to  the  top,  left  side,  and  bottom  as 
well  as  the  right-hand  side  where  it  extends  upward  to  a  height  of 
one-half  of  its  total  height  before  the  horizontal  line,  which  should 
extend  one-half  of  the  distance  across  the  letter,  is  drawn. 

Letter  E.  The  letter  E  presents  no  difficulties  other  than  a 
central  horizontal  line  should  extend  about  two-thirds  of  the  distance 


Fig.  33.     Proportion  and  Slant  of  Capitals 

across  the  letter  and  should  be  at  an  elevation  of  two-thirds  the 
height. 

Letter  F.    The  letter  /'  is  but  a  part  of  the  letter  E  as  indicated. 

Letters  P  and  R.  P  and  R  are  constructed  on  the  same  general 
principle.  The  upper  part  of  both  letters  should  be  at  least  one-half 
or  more  of  the  total  height,  and  in  the  case  of  R  the  lower  right-hand 
stroke  should  not  extend  further  than  the  right-hand  side  of  the 
circumscribed  parallelogram. 

Figure  2,  The  figure  2  is  constructed  by  starting  at  the  left- 
hand  side  of  the  circumscribed  parallelogram  and  continuing  tangent 
as  indicated  in  the  figure  at  points  2,  3,  and  4.    The  lower  part  4 — 5 
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should  in  all  cases  be  horizontal  and  it  should  never  extend  further 
than  the  right-hand  side  of  the  circumscribed  parallelogram. 

figure  6.  The  figure  5  should  start  at  the  point  1  and  extend 
downwards  one-third  of  the  total  height.  The  lower  part  of  the 
figure  should  then  be  drawn,  being  tangent  at  point  3  and  4  and 
slightly  curled  up  at  5  where  it  should  extend  a  little  further  to  the 
left  of  the  upper  part.  The  horizontal  part  1—2  should  not  extend 
quite  up  to  the  right-hand  side  of  the  circumscribed  parallelogram. 

In  all  cases  where  inch  or  foot  sizes  arc  employed,  they  should 
be  made  clearly  and  regularly  and  should  be  not  less  than  one- 
twentieth  of  an  inch  in  length. 

Letters  and  figures  should  always  be  made  by  beginners  by 
■  first  preparing  guide  lines  drawn  with  a  pencil.    Even  in  case  the 


guide  lines  have  been  drawn  upon  the  detailed  paper,  it  is  also 
advisable  to  draw  them  upon  the  tracing  cloth,  or  place  under  the 
cloth  a  sheet  similar  to  Fig.  34,  with  the  lines  drawn  in  ink,  to  act  as 
a  guide.  This  practice  should  Ijc  continued  until  enough  skill  has 
been  acquired  to  make  the  letters  uniform,  without  the  assistance 
of  more  than  a  Hue  or  two. 

The  only  manner  in  ^\'hich  a  person  can  become  proficient  in 
lettering  is  through  practice.  A  piece  of  paper  ruled  up  and  having 
the  slant  of  the  letter  placed  upon  it  as  shown  in  Fig.  34  will  be  found 
an  excellent  thing  on  which  to  practice  lettering.  Letters  can  not 
be  made  nicely  and  quickly  as  one  would  suppose.  Care  and  time 
are  required  until  the  draftsman  becomes  proficient  in  this  respect. 
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SYMBOL 

SIGNIFICANCE 

L.  or  Ls. 

Angle  or  angles 

L   or  05. 

Channel  or  channels 

J.  oris. 

I  beam  or  beams 

Z.   or  Zs. 

Zee  bar  or  bars 

T.    or  Ts. 

Tee  beam  or  beams 

PL.  Pit,  or  Pis..  Pits. 

Plate  or  Plates 

@ 

at 

nil 

Filler 

Stiff. 

Stiffeners 

Ft.  or  rig. 

Flange 

r. 

Rivet 

r.r 

Field  rivets 

s.r 

Shop  rivets 

e. 

Eccentricity 

C.I.  or  t 

Center  line 

e    or  ^ 

Diameter 

# 

Pound  or  pounds 

c.  to  c.  or  4's 

Center  to  center 

La  ft  or  La  Us. 

Latticed  or  lattices 

Lat,    or  Lots. 

Lateral  or  laterals 

a/t 

Alternate 

M.PL 

Masonri/  plate 

5pi 

Splice 

Abbreviations.  In  the  making  of  drawings  certain  abbrevia- 
tions are  used  in  order  to  save  time  and  for  the  sake  of  convenience 
in  many  other  respects.  These  abbreviations  together  with  what 
they  signify  are  given  in  Table  IV.  They  should  be  carefully  studied 
and  should  be  written  close  to  the  material  to  which  they  apply 
and  should  at  least  be  one-sixth  to  one-eighth  of  an  inch  from  the 
material.  Never  write  dimensions  or  letters  so  close  to  a  line  that 
they  \c^  interfere  with  the  line.  In  writing  dimensions  at  a  con- 
siderable distance  from  the  piece  of  material  or  place  to  which  they 
apply,  an  arrow  is  used  to  indicate  their  proper  position.  In  all 
such  cases  the  arrow  head  should  be  at  the  end  of  the  line  which 
points  to  the  place  to  which  the  abbreviation  or  dimension  applies. 
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Fig.  35  illustrates  some  cases  and  also  shows  the  form  which  the 
arrow  should  take  in  order  to  present  a  good  appearance  on  the 

drawing. 

Dimension  and  Material  No^ 
tation.  Proper  Placing.  A  draw- 
ing niay  be  said  to  have  been 
correctly  dimensioned  when  any 
desired  necessary  dimensions  may 
be  obtained  from  it  without  it 
being  required  that  any  dimen- 
sions should  be  added  or  sub- 
tracted or  divided  in  order  to 
obtain  the  desired  result,  and 
when  no  unnecessary  dimensions 
are  upon  the  drawing.  By  nec- 
essary dimensions  are  meant  those  dimensions  which  are  required  in 
order  that  the  material  may  be  fabricated  so  that  the  finished  struc- 
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FSg.  36.    Examples  of  Arrow-Head  ConBtniotion  and  Proper  LooaUon  of  Dimennoni 
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Fig.  37.     Correct  Arrow  Head 


ture  is  as  desired.  Dimension  lines  should  be  full,  not  dotted  or 
dashed;  guide  lines,  which  are  lines  indicating  the  limits  of  the 
dimensions,  should  not  extend 
beyond  the  dimension  line.  The 
dimensions  should  be  placed 
where  possible  above  the  line  and 
should  not,  as  mentioned  before, 
touch  the  line  at  any  place.  Dimension  lines  should  be  far  enough 
from  the  piece  which  they  dimension  in  order  that  the  letters  and 
figures  indicating  the  character  of  the  material  and  its  size  may  be 
placed  between  the  dimension  line  and  the  material  itself.  Fig.  36a 
shows  good  practice  and  Kg.  36b  poor  practice. 

Arrow  heads  are  a  source  of  trouble  and  should  be  made  with 
care  if  the  drawing  is  to  present  a  good  appearance  when  finished. 
They  should  be  made  as  indicated  in  Fig.  36a  and  Fig.  36c,  and  not 
as  in  Figs.  36b  and  36d.    They  should  not  consist  as  indicated  in  the 
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Fig.  38.     Correct  and  Incorrect  Placing  of  Dimensions 

figure  showing  the  wrong  construction,  of  a  cross  or  half  cross  of  a 
straight  or  nearly  straight  line,  but  should  have  a  gradual  slope  as 
in  Fig.  37  where  it  is  greatly  exaggerated. 

Dimensions  as  mentioned  above  should  be  placed  above  the 
dimension  line  where  possible  and  the  material  should  be  noted  so 
as  not  to  interfere  with  the  dimensioning.  Figs.  38a  and  38b  show 
good  practice  and  Figs.  38c  and  38d  poor  practice.  Sometimes  it  is 
necessary  to  place  the  dimensions  as  in  Fig.  38c  and  38d  but  never 
place  the  material  notation  as  shown  in  the  same  figures.  Fig.  38b 
gives  the  preferable  method. 
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WTien  several  spaces  are  equal,  the  matter  may  be  written  as 
so  many  spaces  at  so  much  is  equal  to  so  much,  or  each  space  may 
be  dimensioned  separately  as  shown  in  Figs.  38a  and  38b.  In  case 
the  space  is  too  small  to  \vTite  a  single  dimension  in  it  clearly,  the 
dimension  may  be  put  at  one  side  and  an  arrow  used  to  show  where 
it  belongs.  Fig.  35. 

In  writing  dimensions  the  inches  should  be  given  as  well  as  the 
feet,  and  in  case  the  inches  amount  to  nothing  or  to  a  fraction,  a 
cipher  should  take  the  place  of  the  inches. 

It  is  not  necessary  when  all  rivets  are  shop  rivets  to  draw  in  each 
in  such  cases  to  put  in  the  end  rivets  and  to  inidicate  the  spacing 
and  every  rivet  when  the  spacing  is  the  same.  It  is  only  necessary  of 
those  which  lie  between  but  which  are  not  shown.  Fig.  38b  illus- 
trates this.  In  case  of  field  rivets 
all  rivets  must  be  shown.  No  de- 
parture from  this  rule  should  be 
allowed.  Fig.  39  is  an  example  of 
this.  It  is  noted  in  this  figure  that 
although  the  spacing  of  many  of 
the  rivets  is  the  same,  yet  all  are 
shown  in  their  proper  place. 

In  placing  dimensions  where 
two  or  more  members  are  detailed 
together,  dimensions  for  the  main 
member  should  run  straight 
through  from  one  end  to  the 
other.  The  dimensions  of  the 
larger  member  in  so  far  as  they 
are  the  same  as  the  dimensions  for  the  smaller  may  be  used  for  the 
smaller  member  and  additional  or  subdimensions  be  placed  in  con- 
venient places  in  order  to  complete  the  detailing  of  the  smaller  mem- 
ber. As  an  example  of  this  see  Fig.  38a  where  the  edge  distances 
and  the  method  of  detailing  should  be  noted,  and  Fig.  39  also  where 
the  edge  distances  are  the  subdimensions.  In  Fig.  39  two  dimen- 
sions are  given  at  one  of  the  ends.  This  illustrates  two  methods 
of  placing  the  same  dimension.  The  dimension  directly  under  the 
line  of  dimensions  for  the  main  member  is  placed  in  the  preferable 
way.    In  the  placing  of  subdimensions  great  care  should  be  taken 
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For  example, 


3-6"x  i"  Z3  X  I4''8 


// 


Bars  are  designated  by  their  number,  then  their  size,  or  diameter, 
and  finally  their  length  in  inches. 
For  example, 

Rivets  and  Rivet  Spacing.  Rivets  are  made  in  various  sizes 
and  are  spoken  of  according  to  the  diameter  of  their  shank.  Thus 
a  J-inch  rivet  is  one  which  has  its  shank  |  inch  in  diameter.  The 
heads  of  the  rivets  are  not  perfect  hemispheres,  being  less  in  height 
than  one  half  the  diameter  of  the  head.  Table  V  gives  the  dimen- 
sions of  rivets  of  various  diameters  and  their  conventional  represen- 
tation in  detail  drawings.  These  dimensions  are  desirable  on  the 
drawings  since  they  are  often  necessary  in  order  to  so  figure  the  work 
that  the  material  will  not  strike  the  heads.  Rivets  smaller  than  f 
inch  are  seldom  used  except  where  the  size  of  the  material  requires 
it.  Rivets  larger  than  |  inch  in  diameter  are  seldom  used  except  in 
the  heaviest  work;  and  the  beginner  is  advised  not  to  use  them  until 
he  has  permission  from  those  above  him  in  charge. 

Rivets  should  not  be  placed  so  close  that  the  material  between 
them  is  unduly  injured  by  pushing  or  that  the  driving  tool  or  "dolly'* 
will  interfere  with  one  rivet  when  driving  the  other;  likewise  they 
should  not  be  placed  so  far  apart  that  the  material  between  them 
will  separate  or  open  up.  Unless  specified  otherwise  in  the  specifica- 
tions Table  VI  may  be  taken  as  good  practice;  for  f-inch,  |-inch, 
and  1-inch  rivets,  the  minimum  spacing  is  seen  to  be  three  diameters 
of  the  rivet. 

TABLE  VI 
Minimum  Rivet  Spacing: 

(All  dimensions  given  in  inches) 


Size  Of  Rivets 

1 
4 

J 

/ 

/ 

3 
4 

7 

8 

1 

Minimum  Spacing 
Center   to  Center 

1 

u 

// 
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^i 

2l 
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The  maximum  spacing  allowable  is  usually  sixteen  times  the 
thickness  of  the  thinnest  plate  they  go  through.  The  minimum  and 
maximum  limits  placed  above  are  not  to  be  used  wherever  possible. 
Few  engineers  consider  it  advisable  or  permit  spacings  less  than  2J 
inches  and  3  inches,  or  more  than  4  inches  and  5  inches  for  J-inch 
and  |-inch  rivets,  respectively. 

The  minimum  limits  above  refer  to  the  center  to  center  of 
rivets,  while  the  maximum  values  refer  to  the  distance  center  to 
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Fig.  40.     Angles  with  Gauge  Line 


center  measured  along  the  gauge  line  or  line  along  which  the  rivets 

are  placed. 

Gauge  lines  may  be  single,  Fig.  40a,  or  double  as  in  Fig.  40b. 

The  gauge  of  a  shape  is  the  distance  of  the  gauge  line  from  a  certain 

base.    In  the  angle  it  is  .the  back,  in  the  channel  it  is  the  back,  while 

in  the  I-beam  it  is  the  bisecting  line  of  the  web. 

The  gauges  for  standard  channels  and  I-beams  are    given    in 

the  handbooks  of  manufacturers,  such  as  Cambria,  Carnegie,  etc., 

which  books  also  give  the  size  of  rivet  or 
bolt  which  can  be  used  in  the  flange  of  any 
certain  I-beam  or  channel.  This  does  not 
mean  that  the  size  of  bolt  or  rivet  there  given 
must  be  used  in  the  web  also,  in  fact,  |-inch 
and  |-inch  should  be  used  in  the  web,  no 
matter  what  size  is  specified  for  the  flange. 
The  standard  gauges  for  angles  are  given 
in  Table  VII. 

While  a  double  gauge  is  showTi  for  a  5-inch 
leg,  it  is  very  undesirable  to   use   it.     Do 

not  use  5-inch  legs  with  double  gauge  lines.     Likewise,  do  not  use 

a  single-gauge  line  on  an  angle  wnth  a  6-inch  leg  or  more,  unless 

specially  told  to  do  so  by  those  higher  in  authority. 


Fig.  41.     Section  Showing 

Crimped  Angle,  Chord 

.Angle,  and  Web 
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TABLS  VII 

Standard  Qauges  for  Angles 
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In  the  spacing  of  rivets  in  oniii|>ifl  angles,  the  distance  "6", 
Fig.  41,  should  be  1)  inches  jihis  twiee  the  thickness  of  the  clionl 
angles,  but  ne\'er  less  than  2  IiiHr-s. 

TTie  grip  of  a  rivet  is  the  letif^h  under  lieiids  iifter  the  rivet  1ms 
been  driven.  The  length  of  u  rivet  is  the  V'\\%\\\  of  the  shunk  I>efiire 
the  rivet  b  driven,  Fi^.  \'l, 

r^ — r^   .    .„ 


El 


these  lengths  fur  various  grips 
being  easily  found  in  any 
manufacturer's  handbook. 

Care  should  be  taken  in 

case  of  castings  to  add  1  ineh       ^ 

more  to  those  values  given.  pu  i 

Kiv-ets  may  ha\-e  tno  full 
heads  or  may  have  one  or  lH>th  hea<]: 
any  eocobination.     Such  a>nditiun:i  a 
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all  of  those  in  common  use  being  listed  in  the  handbooks  already 

referred  to,  and  also  shown  in  Table  V. 

A  rivet  can  be  driven  as  close  to  a  projection  as  one-half  the 

diameter  of  the  head  plus  \  inch.    This  requires  a  special  "dolly". 

2         1 
The  dolly  generally  used  requires  -Z)+-inch.     This  is  about  U 

o         4 

inches  for  a  |-inch  rivet  and  about  IJ  inches  for  a  J-inch;  see  Fig, 

43  and  Table  V.  In  some  instances  a 
special  gauge,  that  is,  one  other  than 
given  in  Table  VII,  is  used.  In  such 
cases  care  should  be  taken  to  see  that 
the  distance  A,  to  the  fillet,  or  curve 
of  the  angle,  is  suflScient,  otherwise 
the  dolly  could  not  come  down  evenly 
and  an  imperfect  head  is  the  result. 
When  rivets  are  staggered,  it  is 
,  necessary  to  know  how  close  they 
may  be  sp«nced  in  order  that  they 
may  not  be  less  than  the  minimum 
allowed  distance  center  to  center. 
Table  VIII  gives  the  distances  center 
to  center  of  rivets  for  given  values  of 
the  spacing  and  gauge  line.  The  dis- 
tances below  and  to  the  right  of  the 
upper  zigzag  line  are  large  enough  for 
|-inch  rivets  while  those  below  and 
to  the  right  of  the  lower  zigzag  line  are 
I  large  enough  for  |-inch  rivets.  For 
\\y  example,    if   the  gauge   ''g'^  was   IJ 

^  inches,  the  spacing  must  be  at  least 

FiK.  43.    Diagramjor^Minimum  Rivet   o  inchcs  in  ordcr  that  thc  distauce 

center  to  center  would  not  be  less 
than  2|  inches,  the  rivets  being  |  inch.  If  the  rivets  were  |  inch,  the 
spacing  must  be  H  inches  or  more  in  order  to  have  the  distance 
center  to  center  not  less  than  21  inches.  These  values  are  found  by 
going  down  from  the  value  1 J  inches  in  the  top  row  until  a  value 
equal  to  or  just  greater  than  the  25  or  2]  inches  is  found,  and  then 
following  across  to  the  first  coliman  where  required  spacing  is  found. 
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TABLE  VIII 
M  Center  to  Center  for  Various  Spaclnett 
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NOT£l  Va'vrs  belo-v  or  ro  nghl  of  ijpper  ergiag  lines  are  large  enough  fiyj'ri\/e'}\ 

Care  should  also  be  taken  that  the  rivets  are  not  so  close  that 
there  will  not  be  at  least  1"  between  the  holes  in  the  direction  of 
the  line  of  stress,  see  Fig.  43d. 

In  many  cases  a  row  of  rivets  must  be  driven  below  another 
row  and  in  material  which  is  perpendicular  to  the  material  in  which 
the  first  row  is  driven.  Such  a  case  is  in  the  cover  plate  of  a  plate 
{^rder,  or  for  that  matter  in  most  cases  of  cover  plates.  In  such 
cases  it  is  desirable  to  know  what  spacing  must  be  used  in  order 
that  the  dolly  will  not  be  interfered  with  by  the  rivet  already  driven 
in  the  other  row.  Table  IX  gives  such  information.  It  is  to  be  noted 
that  the  value  Y  is  the  distance  from  the  inner  side  of  the  leg  of  the 
angle,  and  is  not  the  gauge.  For  example,  let  it  be  required  to 
determine  the  minimum  stagger  for  J-inch  rivets  in  a  3|-inch  leg 
of  a  31"X3i"X|"  angle.  The  distance  Y  Is  then  equal  to  the 
gauge  of  a  3-inch  leg  less  the  thickness  of  the  angle,  or 

Y=2"-l" 
=  11" 
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TABLE  IX 
Minimum  Stas^i^ers 
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All  dimensions  in  inches 


Looking  along  the  top  row  the  value  If  inches  is  found  and 
going  downward  to  the  J-inch  line  of  values,  f  inch  is  found  to  be 
the  least  distance  that  the  rivet  under  consideration  may  be  driven 
from  the  one  in  the  other  leg  of  the  angle. 

In  some  cases  it  is  possible  to  drive  rivets  opposite  if  the  proper 
row  is  driven  first.  Thus,  in  the  5"X3i"Xi"  angle  of  Fig.  44,  if 
J-inch  rivets  in  the  5-inch  leg  were  driven  first,  those  in  the  3-inch 
leg  must  stagger  by  f  inch,  as  figured  above,  Fig.  44a,  but  if  the 
rivets  in  the  3-inch  leg  were  driven  first,  the  distance   y=3"— f" 
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Fig.  44.      llivot  StuKKor 


=  2|",  which,  being  outside  the  values  in  Table  IX,  show  that  the 
rivets  in  the  5-inch  leg  may  be  driven  with  a  zero  stagger,  or  just 
opposite. 
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Certain  clauses  in  most  spo<:-ificati()iis  call  attention  to  the  fact 
that  rivets  must  not  Ik*  use<l  in  tension.  While  it  is  desirable  not  to 
have  rivets  in  tension,  and  their  use  to  resist  tensile  stresses  should 
not  be  encouraged,  yet  a  rivet  has  a  distinct 
value  when  used  in  tension.  Also,  tests  of 
a  confidential  nature  have  come  under  the 
author's  obser\'ation,  and  they  tend  to  pwve 
that  rivets  so  used  show  as  great  an  efficiency 
as  a  turned  bolt  of  the  same  diameter. 

However,   the  strength   of   such    rivets 
must  not  be  assumed  as  l>eing  equal  to  a  lK)lt         fir  45.    Drawing  of 
of   equal  diameter,  but  must  be  computed. 

The  head  of  the  rivet  must  be  drawn  out  to  full  size,  and  the  distance 
"A,"  Kg.  4o,  determinetl.  The  value  of  the  rivet  in  tension  is  then 
given  by  the  formula 

.S,=  3.14  V* 
where  S,=  the  unit  shearing  stress;  rf=the  diameter  of  the  rivet; 
and  A=the  value  as  determined  above. 

For  a  J-inch  rivet  ^  =  0.45  inch  and,  then»fore,  this  value  of  the 
rivet  in  tension,  S,  being  taken  at  10,(KK)  jM)unds  j)er  square  inch,  is 

.S,=  3.14X  10,000X1X0.4:) 
=  12,300  iKHinds 

which  is  seen  to  be  considerable,  and  which  is  ec|ual  to  the  body  of 
the  rivet  being  strained  up  to  20,0.')()  ikhhkIs  jht  square  inch. 

It  is  thus  seen  that  the  head  more  than  devch)ps  the  strenf^th 
of  the  body  of  the  rivet.  Therefore,  in  figuring  the  amount  a  rivet 
should  take  in  tension,  one  should  multiply  the  area  of  the  cross- 
section  by  the  allowable  unit  stress  decidiMl  uiK)n.  Since  the  speci- 
fications do  not  give  this,  it  will  Ik*  safe  to  use  the  ultimate  strength 
for  rivet  steel  with  a  factor  of  siifety  of  4.  Siiur  the  ultimate  strtMigth 
of  rivet  steel  should  l>e  alK)ut  .')O.(KK)  i)4)unds  jht  scpiarc  incli,  this 
would  make  the  allowable  12..")<K)  jKUinds,  and  a  J-inch  rivet  would 
have  a  value  of 

N,=  i2,:)00xo.r»oi3 

=    7.r)l()  jMiunds 

which  w  less  than  the  amount  ri^fiuireil  to  strain  its  head  up  to  the 
majdmum  allo^-able. 
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On  account  of  the  fact  that  riveted  heads  are  not  driven  sym- 
metrically the  value  of  the  rivet  in  tension  is  not  certain,  and  their 
use  in  tension  is  not  to  be  advised.    Use  turned  bolts. 

The  bearing  and  shearing  values  of  rivets  may  be  found  in  the 
handbooks  of  the  various  manufacturers.  The  values  for  all  values 
of  allowable  stresses  are  not  usually  given,  but  by  a  little  trouble 
almost  any  values  may  be  obtained  by  dividing  those  values  there 
given,  or  by  taking  a  multiple  of  them.  For  example,  the  bearing 
value  of  a  J-inch  rivet  in  a  A-inch  plate,  unit  allowable  bearing 
stress  18,000  pounds,  may  be  obtained  by  taking  1 J  times  the  value 
given  in  the  12,000-pound  table,  giving  6,885  pounds. 

In  cases  of  the  webs  of  channels  or  I-beams,  or  other  thicknesses 
of  metal  which  are  not  in  even  sixteenths  of  an  inch,  but  are  given 
in  decimal  fractions,  the  values  may,  with  the  help  of  the  slide  rule, 
be  obtained  from  the  tables.  For  example,  let  it  be  required  to  find 
the  value  of  a  J-inch  rivet  in  bearing  in  the  web  of  a  15"X33#  channel, 
the  unit-bearing  stress  allowed  being  15,000  pounds.  From  Cambria, 
the  thickness  is  seen  to  be  0.4,  and  the  bearing  of  a  f-inch  rivet  in 
a  i-inch  plate  is  found  to  be  6,563  pounds.  Therefore,  the  value 
sought  will  be 

6,563 

V  =  -—r  X  0.4=5,250  pounds 
0.5 

For  convenience  in  rivet  spacing.  Table  X  will  be  found  con- 
venient, the  value  of  any  number  of  spaces  of  a  given  length  being 
determined  at  a  glance. 

Bolts,  Nuts,  and  Washers.  Bolts  are  made  by  forming  a  head 
on  one  end  and  cutting  a  thread  on  the  other  end  of  an  iron  rod. 
In  such  cases  the  body  of  the  bolt  does  not  represent  the  strength, 
but  the  area  at  the  root  of  the  threads.  In  the  handbooks  is  given 
the  diameter  of  the  screw  thread  for  any  bar  or  bolt  of  given  diameter, 
and  from  this  the  strength  of  a  bolt  may  be  calculated,  once  the 
allowable  unit  tensile  stress  is  determined.  The  diameter  given  for 
the  rod  or  bolt  is  the  diameter  of  the  upset  screw  end.  The  strength 
of  the  bolt  is  then  obtained  by  multiplying  the  diameter  of  the  screw 
at  root  of  thread  by  itself,  by  0.7854,*  and  by  the  allowable  unit 
stress,  thus 

Strength  of  Bolt  =  0.7854  di^  X  S 

*Id  some  books  the  area  at  root  of  thread  is  given  direct. 
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TABLE  XI 
Studird  Cut  O.  a.  Wulwra 
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For  example,  let  it  be  required  to  determine  the  strenRth  of 
m  li-inch  bolt,  the  unit  allowable  stress  in  tensioiL  being  18,000 
pounds  per  square  inch.     It  is 

Strength  of  Bolt  =  (l.7Hr>4  X  1.284'  X  18,000  ' 
=  23,.'J.5()  pounds 

while  if  the  ares  of  the  body  of  the  l><)lt  waa  used  the  strength  would 
be  31,800,  from  which  it  is  seen  that  in  determining  the  strength  of 
btJta  Mre  must  l>e  taken  to  use  the  diameter  at  the  nnit  of  the  thread. 

Information  regarding  Ixilts  and  nuts  in  general  Is  given  in  the 
handbooks.  Here  the  exact  dimensions  of  the  hcails  and  nnts  are 
|[iven.  In  detailing  it  will  Ih;  sniliciently  a<viirate  to  as.snnu-  the 
wic  of  a  square  head  or  nut  or  the  >liort  diameter  of  a  litxagoiial 
head  OT  nut  as  twice  the  dianicter  of  the  ImiU,  the  tliickncss  of  ca<'h 
being  equal  to  the  diameter  of  th<-  Ixiit. 

When  the  nut  is  screwed  uji,  the  bolt  should  exteiul  fmni  J  inch 
to  1  inch  above  the  nut. 

Washers  are  of  two  kinds,  cast  and  cut.  The  furnier  arc  desig- 
nated asO-  G.  (pronounce.!  Oti  (J.-.-)  wa>hcr>  on  account  of  the  curve 
given  to  their  si<le.  The  sizes  ami  \vciglit>  nf  <).  ('..  wii>lifr>  an-  given 
in  Table  XI. 

<"ut  washers  are  made  by  Mampini;  tlicin  out  c.f  -lui-t  niital, 
■ad  are  prindpally  useil  as  seiwrator-  where  two  unglo  an'  Uiiti-d 
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together,  or  under  the  heads  and  nuts  of  small  bolts  which  bolt  timber 
in  place.    General  information  regarding  them  is  given  in  Table  XII. 

TABLE  XII 
Staadard  Cut  Washers 
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Tcarioa  Mcabcn.  These  may  consbt  of  square,  refund,  or 
rectangular  bai^.  or  tbe>'  may  be  of  shapes  riveteJ  tofrrther.  The 
Utter  dass  will  be  consideied  under  the  detailing  of  tensitui  members. 

Wheti  the  bar  is  square  or  circular  in  section,  it  may  be  formetl 
into  luups  at  iv>  end^,  or  upset  and  nuts  put  on.  in  older  to  attaih 
it  to  other  parts  of  the  structure  in  which  it  is  used.  In  the  former 
case  it  Is  called  a  loop  bar.  In  case  it  is  rectangular  in  sei*tion  it  may 
be  formed  into  a  loop  bar.  or  may  have  its  ends  forgeil  out  into  a 
iiomemhat  circular  shape,  see  Fig.  44».  and  a  hi>le  bored  in  them  in 
(«der  to  connect  them  to  the  rest  of  the  structure.  In  this  i^ase  it  b 
called  an  eve  bar. 

In  order  to  l)e  assured  that  the  eye  bar  will  not  break  in  the 
head,  the  distances  a  are  made  such  that  '2a  is  greater  than  u\  usually 
lietm-een  1.3ir  and  1.4if.  If  not  require*!  by  the  s|>ecifirations.  it  is 
UMially  left  to  the  manufacturers  with  the  stipulation  that  the  eye 
har^  must  break  in  the  bodv  of  the  bar.  not  in  the  head. 


The  dinicnMon>  of  fNclmr>  art*  ^nvw  in  tlu*  liaiultHHiks.  In 
Cambria  the cxce>s  through  tlif  pin  lu»K*  for  the  --inch  bar  is  ^4\  —  U  ' 
•5-2=  1||.  an  exit*>s  t»f  'X\  |ht  trnt. 

Care  should  Ih'  taken  t(»  note  that  the  vahie*^  hi*n*  pven  are  the 
minimum  thicknc>s4^s.  Har^  thinner  than  the^e  an-  liahh^  to  upx-t 
Ml  imperfectly  n>  to  Im*  uiwafi-  in  tht-  hiinl-.  An  e>e  har  houM  not. 
a>  a  rule.  I»e  Uvvs  in  thiekiH'*---  than  one— i\th  of  tht-  ileplli.  Vhv  pin- 
given   in   the  tables  in   the   han<llNM>k>   are   inaxinnun    pin^.     'Vhv 
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American  Bridge  Company  practice  requires  the  smallest  pin  to 
be  not  less  than  three-fourths  the  width  of  the  eye  bar. 

Bars  of  a  square  or  circular  section  could,  as  in  the  case  of 
bolts,  have  a  screw  thread  cut  on  their  ends  and  by  means  of  nuts 
be  connected  to  the  other  part  of  the  structure,  but  such  an  opera- 
tion would  be  costly  since  the  bars  are  long  and  much  of  the  section 
would  be  wasted  for  a  great  length.  In  such  cases  the  bars  are  ordered 
6  inches  longer  than  required  and  this  6  inches  is,  after  heating  to  a 
welding  heat,  upset  or  pushed  in  6  inches,  thus  increasing  the  diameter 
of  the  bar  at  the  end  so  that  th^  diameter  at  the  bottom  of  the  screw 
threads  will  be  greater  than  the  diameter  of  the  original  bar.  This 
is  done  so  that  the  bar  will  break  in  the  body,  and  not  at  the  joint. 

The  sizes  of  upsets  for  bars  of  various  sizes  are  given  in  the 
handbooks.  Let  it  be  required  to  determine  the  size  hole  through 
which  a  l|-inch  bar  with  upset  end  would  pass  and  the  nut  required. 
We  find  opposite  the  1|  the  value  1§,  showing  that  the  upset  will 
be  IJ  inches.  In  another  table  opposite  IJ  is  given  the  size  and 
weight  of  a  square  nut,  viz,  1^  inches  thick,  3  inches  on  the  side, 
and  weight  3.175  pounds.  The  use  of  square  nuts  is  not  to  be 
encouraged,  the  hexagonal  form  being  the  better,  on  account  of  theu 
lighter  weight. 

Instead  of  the  rods  being  fitted  with  nuts  and  threads  at  the»r 
ends,  they  may,  as  mentioned  above,  be  made  into  loop  bars.  Loop 
bars  are  welded,  and  for  this  reason  are  not  to  be  desired  since  welds 
are  never  as  strong  as  the  original.  However,  the  loop  bar  has  100 
per  cent  excess  through  the  pin,  and  in  order  to  have  an  efficienpy 
of  100  per  cent  it  must  have  a  weld  with  an  efficiency  of  50  per  cent. 
Since  such  a  weld  is  well  within  the  limits  of  possibility,  it  is  per- 
missible to  use  loop  bars  in  highway  bridges  or  other  structures  where 
the  impact  is  not  great,  and  in  counters,  since  here  the  pins  are  usually 
of  such  a  diameter  that  they  would  be  too  great  for  an  eye  bar  of 
the  section  of  the  counter.  Table  XIII  gives  information  regarding 
loop  bars.  They  must  be  made  of  wrought  iron  since  steel  does  not 
weld  well. 

Clearances.  It  is  very  important  that  each  member  of  a  struc- 
ture fit  together  well  in  the  field;  and  it  is  equally  important  that 
the  draftsman  should  so  detail  his  work  that  the  various  parts  of 
any  particular  member  should,  without  further  cutting  than  the 
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first,  fit  together.    Also  the  rivets  should  be  so  spaced  and  placed 

that  they  can  be  driven. 

The  rivet  clearances  have  been  mentioned  under  "Rivets  and 

Rivet  Spacing"  and  will  not  be  taken  up  bete.  It  is  suffident  to 
say  that  on  the  rivet  clearances 
is  where  the  novice  makes  the 
most  of  his  mistakes. 

Where  the  distance  between 
the  outer  faces  of  several  mem- 
bers placed  together  is  to  be  com- 
puted, it  b  necessary,  on  account 
of  the  liability  of  plates  to  exceed 
their  nominal  thicknesses,  and 
rivet  heads  their  nominal  height, 
to  make  certain  allowances.  The 
usual  practice  is: 

(1)  Between  eye  (or  loop)  ban  allow 
^inch. 

(2)  Between  an  eye(  or  looji)  bar  and 
a  built-up  member  1  inch. 

(3)  Between  two  built-up  memben 
linch. 

For  example,  suppose  it  was 
requu^  to  compute  the  distance  out  to  out  of  the  members  shown 
in  Fig.  47.  The  clearance  would  be  as  indicated,  and  the  distance 
D  would  be: 


^10  , 


1 


»=2  (y -f- 0.4 -l-S -f- i-l- 0.28 -f- i  +  li+~  +  ll) 

=  18.485=  I8i  inches 

This  value  would  be  the  grip  of  the  pin  which  was  used  at  this  joint. 
The  0.4  inch  and  0.28  inch  in  the  above  are  the  thicknesses  of  the 
channel  webs,  and  the  J  inch  is  the  height  of  a  |  inch  rivet  head. 

In  the  use  of  eye  bars,  it  is  essential  to  see  that  their  heads  as 
well  as  their  bodies  clear.  In  order  to  determine  the  dimension  of  a 
section  for  the  necessary  clearance,  the  size  of  the  head  must  be 
ascertained.  This  is  best  done  b\-  drawing  up  the  head  to  a  lai^ 
scale.  The  method  of  procedure  is  as  follows:  (1)  Draw  the  circle 
representing  the  pinhole;  (2)  for  the  width  of  eye  bar  under  con- 
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sideration,  subtract  the  radius  of  the  largest  pinhole  in  Cambria 
for  that  bar  from  the  radius  of  the  given  head  and  add  the  result  to 
one-half  the  pinhole  diameter  in  your  particular  case,  thus  giving 
you  R,  Fig.  46;  (3)  with  the  radius  R  describe  a  full  circle;  (4)  with 


-1"«Vj 


Fig.  48.    Eye-Bar  and  Built-Up  Member  Showing  Clearance  Allowed 


the  center  of  the  pin  as  a  center  and  a  radius  equal  to  2  J  R  describe 
a  couple  of  arcs  1,  1;  (5)  parallel  to  the  bar  and  at  a  distance  l^  R 
from  it,  draw  two  Unes,  2,  2,  intersecting  the  arcs  1,  1;  and  (6)  with 
these  intersections  as  centers  and  a  radius  equal  to  1 J  /?  describe  the 
small  arcs  completing  the  head,  see  Fig.  46. 

No  material  should  be  closer  to  the  edge  of  the  eye-bar  head 
than  J  inch.    This  clearance  should  always  be  given,  see  Fig.  48, 
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Fig.  49.     Riveted  Joints  Showing  Clearance  Allowed 

although  the  clearance  of  J  or  A  on  the  side  should  be  allowed  as 
usual  in  case  it  was  against  a  built-up  member  or  another  eye  bar. 
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In  case  the  head  is  on  the  interior  of  a  channel  or  so  as  to  come 
near  the  fillet  of  an  angle,  the  J  inch  must  be  measured  from  the 
curve  of  the  fillet.  This  J  inch  does  not  apply  to  the  body  of  the 
bar,  the  clearance  there  being  J  inch  in  accordance  with  what  follows. 
Wherever  several  pieces  of  metal  are  riveted  to  the  same  side 
of  a  plate  or  other  member  and  could,  theoretically,  come  close  against 
each  other,  i-inch  clearance  is  allowed  for  each  case  where  the  ends 
are  not  planed.  This  allows  for  the  slight  variations  in  length  liable 
to  occur  when  the  surfaces  are  sheared.  The  members  will  then  be 
sufficiently  close  together  for  all  practical  purposes.  In  order  that 
no  errors  occur,  the  joint  should  be  drawn  up  on  a  separate  sheet 
to  a  scale  of  at  least  1}  or  2  inches  to  the  foot  in  case  the  pieces  meet 
at  an  angle.  In  case  the  pieces  meet  at  right  angles,  the  distances 
may  be  computed.    Fig.  49  gives  a  few  of  the  most  conunon  cases. 

As  in  the  case  of  Fig.  49c  and  49d  the  clear- 
ances at  one  end  will  be  J  inch  and  at  the 
other  end  may  be  more,  and  should  be,  in 
order  that  the  distances  h  and  h  shall  be  the 
same.  (The  distance  from  the  first  rivet  to 
the  end  of  the  angle  is  usually  IJ  or  1}, 
generally  the  latter.)  It  must  not  be 
understood  that  the  clearance  is  exactly 
i  inch;  it  must  be  at  least  J  inch,  and  may 
be  more,  up  to  f  inch  or  5  inch  in  order  that 
the  distance  from  the  rivet  to  some  other 

Fig.   50.      Column  and   Beam  ,  .  .  . 

Connection  Showing  Clearance     pomt  Or  riVCt  may  bC  m  aU  CVCU  ^  mch  Or 

J  inch. 

When  I-beams  or  channels  are  placed  as  mentioned  above, 
J-inch  clearance  or  more  instead  of  the  J-inch  is  required,  one  of  the 
most  common  cases  where  such  clearance  is  required  being  shown 
in  Fig.  50.  For  other  clearances  in  beams  see  '*The  Detailing  of 
Beams,''  page  72. 

Wherever  bolts,  rods,  upsets,  or  rolled  bars  pass  through  a  hole 
or  slot,  the  aperture  should  be  I  inch  greater  in  diameter  or  \  inch 
greater  in  dimensions  in  case  there  is  a  slot.  The  above  is  in  case 
the  material  is  rolled  steel  or  iron.  In  case  of  a  casting,  J  inch  should 
be  added  to  the  dimensions  of  the  member  which  is  to  pass  through 
the  opening. 
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PART  II 


DETAILINQ  METHODS 

Detailing  of  Ancles.  The  line  upon  which  the  rivets  are  spaced 
is  the  gmuge  line.  The  standanl  gauges  given  in  Table  \'II  should 
not  be  departed  from  unless  instructions  an*  given  othenvise  or  unless 
it  b  impossible  to  make  the  detail  without  doing  so,  in  which  cases 
a  "special"  gauge  is  used.  In  deciding  upon  a  special  gauge  care 
must  be  taken  to  see  that  the  gauge  line  is  not  less  than  the  standarl 
edge  and  clearance  distances  for  the  rivet  used.  In  Fig.  51  is  shown 
the  minimum  values  of  these  distance's. 

In  some  cases,  as  in  the  flange  of  i)late  girders,  the  rivet  spacing 
is  detenninate,  but  in  the  majority  of  (>ases  this  is  not  so.  In  the 
lonner  case  the  spacing  between  ct»rtain  limits  shouhl  Ik»  made  eqiu^l 
to  that  at  the  lower  limit.  It  is  luiwise 

and  not  economical  to  change  the  spa-  -.  _  U  .  J4  _  for  fnver^ 

cing  every  few  feet,  ^^^len  tlic  spa- 
cing is  not  determined,  the  rivets  may 
be  placed  as  desired,  the  only  limi- 


'3        Id      fori  nvets 


Zl 


1 


tations  being  (1)  that  they  can  Ik»  O' 

diivent  and  (2)  that  thev  do  not  take  Fi«.  si.  Minirnum  cir.ranr*.  nuitMMM 
oat  too  much  section,  prf)viding  that 

the  angle  is  in  tension.  ()f  cxmrse  tlie  limitations  as  to  nuixinuun  and 
Bunimum  spacings  api)ly  here,  the  sjiacing,  Inking  uscmI  fn)m  W  incJu^s 
to  4  or  4)  inches  for  J-inch  or  J-inch  rivets,  the  lower  limit  lK»ing 
used  if  possible  in  onler  to  kecf)  down  tlic  size  of  the  connection 
plates.  It  is  economical  to  make  all  the  sj)a<'es  e<iual.  Tlie 
qMTtng  may  be  govermnJ  by  the  tiesire  to  have  the  connection  j>late 
S}'mmetrical.  The  distance  fnmi  the  end  of  tlie  angle  to  the  first 
ri\'et  is  usually  \\  inches  for  J-inch  rivets,  but  2  in<h«'s  i**  sometimes 
though  seldom,  used.     In   case*   two   angles   an;   u>e<l    as   tension 
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members,  they  may  be  riveted  together  at  distances  not  greater 
than  12  to  18  inches. 

The  gauge  line  in  single  gauge  angles  is  used  as  the  working 
line,  and  passes  through  the  working  points.  In  the  case  of  a  double- 
gauge  line,  the  inner  gauge  line  should  be  used  as  the  line  of  reference 
since  by  so  doing  the  stresses  in  the  angle  will  be  less  than  if  the 
reference  line  was  taken  midway  between  the  two  lines. 

Angles  in  either  tension  or  compression  should  be  connected 
by  both  legs,  otherwise  the  stresses  due  to  eccentricity  will  cause 
the  total  stresses  to  be  far  above  the  average  stress,  as  a  usual  case 
100  per  cent.  This  should  be  done  by  a  "clip"  angle,  and  as  many 
rivets  should  go  from  the  angle  into  the  clip  as  go  from  the  clip  into 
the  connection  plate.    As  a  usual  thing  it  is  not  necessary  to  detul 


Fie.  S2.     AdsIb  DeUilini — VerUul  Leg  Not  Shown 


the  vertical  1^  of  the  clip,  as  the  shopmen  will  attend  to  it;  only 
show  the  heads  of  the  rivets.  Figs.  50  and  52  illustrate  the  principles 
mentioned  above. 

The  gauge  should  always  be  placed  on  the  angle  whether  it  is 
standard  or  special,  but  do  not  give  the  distances  from  the  gauge 
to  the  edge  of  the  leg. 

In  detailing  diagonals,  the  end  distances  to  the  working  points 
should  be  so  chosen  that  the  length  of  the  angle  will  end  in  an  eighth 
of  an  inch.  If  anything,  make  the  angle  a  little  short  center  to  center 
of  end  holes  to  accomplish  this.  The  member  can  easily  be  drawn 
up  in  place  by  the  moderate  use  of  drift  pins,  this  making  it  taut 
when  riveted  up  in  place. 

Detailing  of  Plates.  The  governing  features  of  the  detailing 
of  plates  are:    (1)    To  keep  the  plate  as  small  as  can  consistently  be 
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done;  (2)  to  cut  it  as  few  times  as  possible  in  getting  it  into  the  final 
shape;  (3)  to  have  it  synunetrical  if  possible;  (4)  to  keep  it  an  even 
number  of  inches  in  width;  (5)  to  make  it  thick  enough  so  that  the 
number  of  rivets  will  be  small  and,  therefore,  the  plate  also;  and  (6) 
to  detail  it  so  that  the  rivet  centers  may  be  determined  quickly  and 
with  certainty. 

The  plate  is  kept  as  small  as  possible  for  economical  reasons, 
and  for  the  same  reason  it  should  be  cut  as  few  times  as  possible, 
two  cuts  being  the  maximum  and  the  desired  number.  It  is  usually 
more  economical  to  leave  the  material  on  the  plate  than  to  trim  it  up. 
Therefore,  it  is  important  that  the  rivet  spacing  be  so  arranged  that 
this  can  be  done.  In  such  cases  the  company  is  not  only  saved  the 
labor  of  trimming  the  plate  into  some  irregular  shape,  but  it  gets 
paid  for  the  extrtf  weight  left  on.    Fig.  53a  illustrates  a  plate  poorly 


a  '  b 

Fig.  53.     Methods  of  Detailing  Angles,     (a)  Poor  Detailing,     (b)  Good  Detailing 


detailed  and  Fig.  53b,  one  well  detailed.  In  the  latter  the  plate, 
although  somewhat  larger,  is  of  rectangular  shape,  and  most  engineers 
would  prefer  it  to  the  other. 

It  is  not  always  possible  to  have  a  plate  synunetrical.  When 
a  plate  is  symmetrical,  the  templet  work,  and,  therefore,  the  cost,  is 
much  reduced.  If  they  cannot  be  made  symmetrical,  the  next  best 
thing  is  to  have  as  many  as  possible  alike  or  of  the  same  width.  With 
a  little  thought  along  these  lines  a  draftsman  can  save  his  week's  wages 
for  his  company  many  a  day. 

For  economy's  sake  the  plate  should  be  in  an  even  number  of 
inches  in  width.  Plates  are  not  rolled  in  fractions  of  an  inch  except 
below  6  inches.  If  a  plate  is  so  detailed  as  to  require  a  fraction  of 
an  inch  in  width,  the  next  wider  plate  must  be  ordered  and  cut  down 
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to  the  required  size,  thus  causing  expense  due  to  metal  wasted  and 
to  labor  required  to  get  it  cut  to  size.  The  length  may  be  any  dimen- 
sion, but  it  is  best  to  have  it  in  even  eighths  of  an  inch,  thus 
2'-8i"  or  3'-5|",  etc.  As  mentioned  before,  the  width  of  the  plate 
must  be  stated  in  inches,  not  feet  and  inches.  A  plate  is  noted  thus 
1-Pl.  18"xr'X2'-5i"  or  1-Pl.  25"Xf"X3'-8i". 

If  the  stress  in  a  member  is  great,  the  number  of  rivets  will 
necessarily  be  large.  In  such  cases  the  thickness  of  the  plate  may 
be  made  thicker  than  f  inch  in  railroad,  or  A  ii^ch  in  highway  or 
building  work,  and  the  member  so  arranged  as  to  bring  the  rivets 
in  double  shear.  Unless  the  rivets  can  be  brought  in  double  shear 
it  is  unnecessary  to  increase  the  thickness  of  the  plate,  for  shear 
governs  in  case  of  a  |-inch  plate,  and  in  case  of  a  A-inch  plate  the 
change  to  a  f-inch  plate  does  not  reduce  the  number  of  rivets  suf- 
ficiently to  warrant  it. 

A  plate  must  also  be  of  suflScient  section  to  transmit  the  stress 
from  one  member  to  the  other.  Since  the  area  between  the  rivets 
is  greater  than  that  bearing  upon  the  rivet,  this  is  automatically 
attended  to.  In  the  case  of  shear  along  planes  between  members 
a  different  condition  obtains.  Here  the  computations  are  more  or 
less  involved,  but  the  draftsman  need  not  consider  this  phase  of  the 
design  since  in  such  cases  the  experienced  designer  will  design  the 
plate  and  it  will  come  to  him  wdth  the  correct  thicjaiess  marked 
upon  it. 

The  rectangular  detailing  of  plates  is,  of  course,  simple.  The 
rivets  are,  except  in  such  cases  as  in  the  webs  of  plate  girders,  spaced 
after  the  manner  of  the  spacing  in  angles,  the  same  conditions  gov- 
erning. The  lines  on  which  the  rivets  are  placed  are  in  such  cases 
parallel  to  one  of  the  sides  of  the  plate  and  the  spacing  is  readily 
laid  off. 

When  a  diagonal  row  of  rivets  is  on  a  plate,  it  may  be  detailed 
in  two  ways:  (1)  By  rectangular  co-ordinates;  and  (2)  by  spacing 
along  a  line  located  by  a  bevel.  Only  in  exceptional  cases  is  the  first 
method,  shown  in  Fig.  54a,  to  be  used. 

The  better  way,  and  indeed  it  might  be  said  the  standard  way, 
IS  shown  in  Fig.  54b.  This  way  is  easier  for  all  concerned,  and,  in 
case  of  diagonals,  lends  itself  especially  well,  since  the  distance  between 
working  points  of  the  plates  at  the  ends  can  be  computed,  and  the 
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rivet  spacing  being  measured  along  this  line  gives  the  distance  between 
the  last  holes  on  the  plates  by  simple  subtraction. 

A  plate  should  be  detailed  from  one  edge  (the  working  edge) 
and  the  working  point.  The  various  distances  to  the  rivet  holes 
are  measured  from  these  places  of  reference.  The  distance  from  the 
last  rivet  hole  to  the  far  or  side  edges  is  not  given.  The  plate  of 
course  being  originally  laid  out  to  a  large  scale — a  layout — care  is 
taken  that  if  the  distances  measured  out  from  the  working  edge  or 
point  are  used,  the  last  rivet  will  not  come  closer  to  or  farther  from 
the  far  side  of  the  plate  than  is  allowed  by  specifications.    In  the 


Tic  M.     Methods 


of  Detaiting  DiBgonal  Row  of  Rivets,  la)  Poor,  (b)  Good,  (c)  Giunpl* 
WheieWorkine  Point  is  Noi  oo  tliB  Piaui 


case  of  the  J-inch  rivet,  these  limits  are  IJ  inches  for  the  smaller 
and  2  inches  for  the  greater.  Specifications  govern  this  distance  by 
making  it  a  function  of  the  thickness  of  the  plate  or  of  the  diameter 
of  the  rivet;  one  specification  requires  2  diameters  of  the  rivet  for 
the  least  and  8  times  the  thickness  of  the  plate  for  the  maximum, 
but  not  to  exceed  6  inches.  As  a  usual  thing,  engineers  desire  the 
distance  to  be  1§  inches  for  |-inch  rivets,  both  limits  being  the 
same,  and  1^  inches  for  ^ineh  rivets. 
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The  working  point  may  or  may  not  be  on  the  plate.  In  many 
cases  it  is  not.  However,  the  distances  must  be  measured  from  the 
working  point.  A  familiar  example  of  this  is  seen  in  the  connection 
plates  of  the  lateral  systems  of  plate  girders,  see  Fig.  54c. 

In  indicating  the  bevel,  two  methods  are  used.  One  is  to  state 
the  actual  rectangular  dimensions,  and  the  other  is  to  reduce  them 
so  that  the  larger  is  12  inches  and  the  other  a  proportional  part. 
For  example,  in  Fig.  55  are  given  four  working  points  and  the  lines 
connecting  them.  The  plates  are  shown  in  outline.  The  bevel  may 
be  represented  by  the  full  dimensions  or  by  taking  the  longest  side 
as  12  inches  and  the  other  as  9.41  inches,  or  9 A  inches,  since  it  is 

unnecessary  to  get  the  bevel 
closer  than  the  nearest  six- 
teenth. The  value  9.41  is 
computed  as  follows: 

12'' "  8'^i" 
Y   =  9.41" 

The  method  of  indicat- 
ing the  bevel  in  feet  and 
inches  is  much  used,  but 
indicating  it  in  inches  is 
preferable,  since  it  is  suit- 
able to  bench  work.  With 
the  foot-and-inch  method 
the  floor  of  the  templet 
shop  has  to  be  used  in 
order  to  lay  it  out.  The  smaller  values  are  advised  for  all  work 
which  can  be  worked  on  a  bench. 

The  number  of  rivets  required  in  the  connection  plate  in  any 
direction  must  be  sufficient  to  withstand  the  component  of  the 
main  member  attached  to  the  plate.  This  can  be  easily  determined 
by  projecting  the  number  of  rivets  in  the  diagonal  against  the  line 
where  the  required  number  is  to  be  placed.  For  example,  let  it  be 
required  to  determine  the  number  of  rivets  in  the  top  of  the  plate 
in  Fig.  56a,  there  being  as  sho\Mi  4  rivets  in  one  diagonal  and  3  in 
the  other.    Draw  a  diagram,  as  Fig.  56b,  making  o-l  and  o-2  the  same 


Fig.  55.     Method  of  Indicating  the  Bevel 
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in  slant  as  the  diagonals  above  in  56a.  Now  with  any  scale  what- 
soe\*er  lay  off  four  divisions  from  o  towards  1  and  three  divisions 
from  o  towards  2  and  project  a  line  up  from  the  last  division  mark 
to  the  horizontal  line.  Now  measure  (mi  and  o-b  to  the  same  scale 
which  was  used  to  lay  off  the  divisions  on  the  diagonal  lines.  There 
results  3.1  and  2.3  which  means  that  3.1  rivets  are  required  for  Si 
and  2.3  for  Si,  or  a  total  of  5.4  or  0  rivets  for  both. 

It  may  be  that  the  problem  is  as  is  shown  in  Fig.  56c.  In  this 
case  the  method  of  procetlure  is  similar.  Here,  after  drawing  o-l 
to  the  same  slant  as  the  member  above,  seven  spac*es  to  any  scale 
are  laid  off  and  the  projection  made  to  the  top  and  side.  The  results 
show  that  6  rivets  are  required  at  the  top  and  3.2,  or  4,  are  required 
at  the  side. 
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Tig.  66.     Method*  of  Drt^rniintnc  Numlxr  of  Kivrtu  in  C\»i)n<>rtion  PUt« 

from  thr  DuMttmal 

Other  problems  may  Ik*  solves!  in  a  >iniilar  manner.  Tlie  rivet 
spacing  in  the  sides  and  tops  is  so  arraii^tHl  as  to  l>e  equal  and  to 
fill  out  the  i)late,  allowing  the  re<|iiirt^l  t*<lge  <listance.  The  phites 
should  l>e  kept  rectangular  as  far  as  jH)ssil)le. 

In  many  ceases,  as  in  nK)f  truss  or  wind  bracing  work,  the  ctim- 
puted  numl)er  of  rivets  will  Ik*  two  or  lcs>.  In  such  cases  threi*  rivets 
should  be  put  in  in  onler  to  have  a  sati>fa(tory  joint  wliich  will  not 
loosen  under  xnbrations  which  are  liable  to  <Krur. 

Detailinc  of  Combinations  of  Structural  Shapes.  Tlie  gtnieral 
methods  to  be  followe<l  an»  the  same  as  th(»st*  which  ha\e  In^en  given 
tpgetber  with  those  which  are  exemplifieil  in  the  discussions  which 
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TABLE  XIV 
Thickness  of  Laclnt:  Bars 
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follow.  In  general,  the  combinations  consist  of  plates  or  other 
shapes  held  together  by  angles,  lacing  bars,  or  tie  plates,  the  size 
and  section  of  the  angles  being  determined  in  the  design  since  they 
are  part  of  the  section  of  the  member  itself,  while  the  lattice  bars 
and  tie  or  batten  plates  are  chosen  in  accordance  \\ith  the  specifica- 
tions employed.  The  specifications  for  lacing  bars  make  their  size 
a  function  of  the  distance  between  rivets.  Table  XIV  gives  the 
thickness  of  lacing  bars  for  any  distance  between  rivets. 

Detailing  of  Beams.  This  is  for  the  most  part  done  on  "Beam 
Sheets*'.  These  sheets  are  the  size  of  the  shop  bills,  S-JXH  inches, 
and  have  a  printed  heading  and  footing  as  on  the  shop  bills.  Between 
the  heading  and  the  footing  are  printed  elevations  and  cross-sections 
of  I-beams,  as  in  Fig.  57,  the  number  on  a  sheet  varying  i^ith  the 
number  of  dimension  lines  above  and  material  below,  i,  e,,  from  two 
to  four.  In  some  cases,  those  blank  sketches  are  printed  lengthwise 
of  the  sheet  and  then  two  only  are  placed  upon  a  sheet.  In  case  a 
channel  is  to  be  indicated,  the  draftsman  blocks  out  one  half  of  the 
section  or  end  view,  see  Fig.  58,  lower  cut. 
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On  these  blank  sketches  the  draftsman  notes  the  rivets  and 
rivet  holes,  puts  on  the  connection  and  other  angles,  and  shows  all 
other  information  necessary  for  the  complete  fabrication  of  the 
beam  ready  for  the  structure  of  which  it  is  a  part'.  Figs.  58,  59, 
60,  and  61  are  beam  sheets  which  have  been  filled  in,  and  illustrate 
very  nicely  the  general  principles. 

The  general  rules  regarding  beam  sketches  are  given  in  the 
following: 

In  all  possible  cases  the  holes  in  the  end  connections  to  the  webs 
should  be  according  to  the  standards  given  in  the  handbooks.    If  the 


Fig.  57.     Method  of  Detailing  an  I-Beam  on  Beam  Sheets 

connection  is  standard  for  that  beam,  no  mention  need  be  made  of  the 
fact,  and  if  it  is  in  the  center  of  the  web,  no  dimension  is  required,  see 
Fig.  58,  first  view,  left  end. 

If  the  connection  is  not  in  the  middle  of  the  web,  but  it  is  standard, 
the  location  of  its  center  from  the  bottom,  should  be  given,  see  Fig.  68, 
first  view,  right  end. 

If  the  connection  is  not  standard,  it  must  be  noted  and  detailed  as 
in  Fig.  59,  second  view,  and  if  it  were  not  in  the  center  of  the  web,  its 
distance  from  the  bottom  should  be  given  as  in  the  case  of  the  standard 
connection.  In  case  there  are  holes  in  the  outstanding  leg,  they  should 
be  shovm  as  in  Fig.  62.  Where  the  leg  against  the  web  is  standard  and 
the  outstanding  leg  is  of  the  same  punching,  no  dimensions  need  be  shovm, 
but  the  outstanding  leg  must  be  shown  and  the  material  notation  of  the 
angle  put  on  as  in  Fig.  69,  first  view,  right  end. 
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When  beams  are  on  a  slight  beisel,  it  is  desirable  to  have  the  bevd 
taken  up  in  the  connection  angles  and  the  holes  in  the  web  of  the  beam 
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at  right  angles  to  the  center  line.  The  betel  should  be  indicated,  tee 
third  view.  Fig.  58,  tight  end. 

In  case  field  connections  to  the  web  are  made,  as  in  cases  where 
other  beams  are  riveted  to  it,  it  is  urniecessary  to  give  the  vertical  spacing 
qf  the  holes  if  the  connection  is  standard.  The  horizontal  distances  and 
their  number  will  designate  which  connection  is  required. 

For  example,  in  the  first  view,  Fig,  58,  the  six  holes  5j-iticli 
centers  show  this  to  be  a  standard  for  12-inch  beams,  while  the  four 
holes  5A-inch  centers  indicate  the  standard  connection  for  a  7-inch, 
8-inch,  9-inch,  or  10-inch  beam.  In  all  cases  the  vertical  spadng 
will  be  2)  inches.  It  should  be  noted  that  in  all  cases  of  standard 
connections  of  8  holes  or  less  in  a  vertical  row  the  rivet  spacing  is 
2)  inches,  while  all  over  8  have  a  spacing  of  3  inches. 


The  centers  of  all  groups  of  field  holes  above  the  bottom  of  the  beam 
should  be  given. 
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Tii  rods  art  put  in  in  etu^  nc*  btams  art  ritrUid  to  the  vyinr,  to  favp 
tie  beamufrom  lakral  wteiion.  The  ktlemfar  thtme  are  4i  if^henf  apaH^ 
and  thtff  art  reftrtnetd  at  in  Fig,  59,  nemnd  rtnr. 

Where  two  beanu  art 
placed  eitme  together^  they 
should  be  eann^eied  6y  *'jrp- 
orotorr**  to  preweni  lateral 
Motion.  When  meh  is  the 
ea$e  tie  holes  are  indicated 
or  shown  in  Fig.  60.  The 
mrious  kinds  cf  wall  anchors 
art  shown  in  the  handbooks 
and  in  Fig.  20.  Care  should 
bs  taken  to  proride  for  their  connection  to  the  beams  when  required. 

When  beams  are  used  in  building  work,  it  is  usually  required  that 

either  the  upper  or  the  lower  flanges  of  part  or  all  of  the  beams  be  ai  the 

same  eletation.    When  the  girder  or  main  beams  are  deep  enough^  tks 

Cspe  to  I5''x4^''  I 


Fis.  64.     Mrtbckd  of  Cop«&c  »  B«*m 
Tof)  a&d  Bottom 
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F^.  65      Methoda  of  Copinc  lii'siim  lo  Fit  noam*  of  Variou*  IIpighiA 

top  or  bottom  flanges  may  Ih'  brought  to  thv  same  rlemtiott  as  shown 
m  Fig.  63  which  shows  a  li-itich  and  a  l-imh  beam.     The  connection 
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angles  are  in  all  cases  arranged  so  that  the  rivets  through  the  girder 
web  and  the  smaller  connection  angles  go  through  the  connection  of  the 
larger  beam  also. 

In  case  it  is  desirable  to  have  beams  so  as  to  have  all  their  tops 
or  bottoms  at  the  same  elevation,  it  may  be  accomplished  by  an 


NOTE-  That  cut  at  point  A  ejftends  to 
intersection  of  far  S'Se  of  wel?  with 
line  of  bevel. 


Fi(.  66.     Method  of  Cuttioc  Ftaaies  Wben  a  Beuo  is  Coped  OD  t  Baral 

operation  known  as  "coping"  the  beam.  By  coping  is  meant  that 
the  flange  is  cut  back  for  a  certain  distance  depending  on  the  size  of 
the  beam  which  is  to  join  the  beam  under  consideration  and  the  web 
is  then  cut  down  a  distance  X  and  sloped  back  on  a  bevel  of  3  inches 
in  12  inches,  see  Fig.  64. 

Fig.  64  shows  a  beam  coped  top  and  bottom  to  fit  into  anoth^ 
beam  of  its  own  depth.  A  beam  may  be  coped  on  top  only,  Fig,  65a, 
or  on  bottom  only,  Fig.  65b.  Other  conditions  of  coping  are  shown 
in  Fig.  65c — f,  together  with  the  ways  of  indicating  them.  Fig.  58 
shows  some  indicated  in  the  beam  sketches. 

When  a  beam  is  to  be  coped  on 
a  bevel,  the  flanges  are  not  cut  to  a 
betel,  but  are  cut  as  in  Fig.  66. 
The  distances  a  and  b  should  be 
given  allowing  a  \-iiwh  clearance, 
and  the  portion  of  the  beam  coped 
is  to  be  shown  cross-hatched.  Tide 
method  of  cutting  to  a  bevel  should 
be  -used  whenever  possible,  whether 


Cic.  67.     Method  of  Cutti 


the  beam  is  coped  to  fit  arwther  or  is  simply  cut   to   a   betel. 

When  a  single  beam  or  a  girder  formed  of  two  beams  having  a  coeer 
plate  riveted  thereto  is  cut  to  a  bevel,  the  cover  plate  should  be  sheared 
to  the  line  of  bevel  and  the  beam  should  be  cut  as  shown  in  Fig.  66. 
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When  an  \-heam  of  a  channel  is  cut  to  a  bevel  across  the  depth, 
the  cut  should  be  made  as  shown  in  Fig,  67,  and  the  distance  "a"  should 
be  given. 

Detailing  of  Roof  Trusses.  The  first  thing  to  determine  in  this 
respect  is  the  outline  of  the  outer  line  of  the  roof  and  the  end,  and 
the  center  depths.  The  chords  should  now  be  located  by  center  lines 
corresponding  to  the  gauge  lines  of  the  angles,  or  the  center  of  gravity 
lines  of  the  pieces,  as  the  case  may  be.  The  above  mentioned  deter- 
minations may  be  obtained  from  the  architect's  drawing  and  from 
the  stress  sheet;  and  in  many,  if  not  most  all  cases,  the  center  lines 
of  the  chords  are  shown  on  the  stress  sheet.  The  stress  sheet  may  be 
an  outline  with  the  stresses  and  the  sections  on  it,  or  it  may  and  in 
fact  should  be  as  shown  on  Plate  I.  Here  the  designer,  who  is  an 
experienced  man,  has  shown  the  general  details.  It  now  remains 
for  the  draftsman  to  draw  this  up  so  that  the  shopmen  can  make  it. 
After  he  has  finished,  the  results  will  be  as  shown  on  Plates  II  and 
III,  which  will  now  be  discussed  in  detail. 

After  the  center  lines  of  the  chords  are  drawn  in,  the  angles 
themselves  should  be  drawn  on  by  laying  of  the  gauge  lines  on  one 
side  and  then  the  otheredge  of  the  leg  on  the  other  side  of  the  gauge 
line.  After  this  the  top  chord  should  be  divided  into  a  certain  num- 
ber of  equal  parts  at  each  of  which  a  purlin  is  to  be  placed.  This  done, 
lines  from  these  points  should  be  drawn  perpendicular  to  the  top  chord 
and  their  points  of  intersection  with  the  bottom  chord  should  be 
noted.  From  the  intersection  of  the  center  one  with  the  bottom 
chord  to  the  apex  or  top,  a  line  is  now  drawn,  and  this  is  the  center 
line  of  the  main  interior  tie,  or  tension  member.  The  member  itself 
should  now  be  drawn  on  this  gauge  line.  After  this  the  other  members 
should  be  drawn  in  as  shown. 

In  order  to  proceed,  the  distances  between  the  various  points 
of  intersection  must  be  carefully  computed,  thus  giving  the  remain- 
ing data  necessary  to  compute  the  bevels,  which  should  now  be  done. 

In  order  to  determine  the  length  of  the  members  and  the  sizes 
of  the  plates,  it  is  now  necessary  to  take  each  point  of  intersection 
where  any  members  meet  at  any  other  than  a  right  angle  and  make 
a  layout  of  that  joint  to  some  large  scale,  say  1^  to  2  inches  to  the 
foot.  The  customary  J-inch  clearance  should  be  allowed  where 
there  is  any  liability  of  pieces  touching  and,  after  the  ends  of  the 
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various  angles  are  drawn  in,  the  first  rivet  is  set  back  1|,  IJ,  or  1^ 
inches  as  the  sizes  of  the  angle  and  of  the  rivet  allow,  and  the  other 
spacing  is  so  arranged  as  to  make  the  size  and  shape  of  the  plate 
advantageous  and  economical.  The  distance  from  the  first  rivet 
to  the  intersection  is  measured  off  and  noted.  After  the  layout  for 
each  joint  has  been  made  and  the  necessary  dimensions  of  the  plates 
and  the  distance  from  each  intersection  to  the  first  rivet  has  been 
determined,  the  length  of  each  member  may  be  computed.  This  is 
equal  to  the  length,  intersection  to  intersection,  plus  the  sum  of  the 
distances  from  the  first  rivet  at  the  ends  to  the  end  of  the  member, 
minus  the  sum  of  the  distances  from  the  first  rivet  to  the  nearest 
intersection.  For  example,  in  the  main  interior  tie  Ua  L2,  Plate  I, 
the  length,  intersection  to  intersection,  is  21'-10|",  the  distance  from 
each  first  rivet  to  the  end  of  the  angle  is  1|  inches,  and  the  sum  of 
the  distances  from  each  first  rivet  to  the  nearest  intersection  is  (4^+9) 
=  13J  inches,  which  is  I'-ll".  The  length  of  the  member  is: 

2r-10i"+2  (li'0-l'-U"=21'-0" 

At  the  point  i2,  Plate  I,  a  field  connection  must  be  made  as  well 
as  at  U4  on  account  of  the  fact  that  the  truss  must  be  shipped  in 
part  in  case  the  span  is  larger  than  30  feet,  the  length  of  an  ordinary 
gondola  freight  car.  At  L2  both  legs  of  the  angle  should  be  connected, 
the  horizontal  leg  connection  being  by  a  plate.  In  case  of  riveted 
lateral  bracing  such  as  is  used  here,  the  connection  plate  may  also 
be  used  as  a  splice  plate,  see  Pis.  8,  9,  and  10  in  Plate  III. 

At  point  U4  as  many  shop  rivets  are  put  in  as  there,  are  field 
rivets  required.  This  will  keep  the  plate  symmetrical,  and  will 
allow  the  same  templets  to  be  used  for  the  top  chord  and  main  interior 
tie  on  both  sides  of  the  truss.  This  more  than  overbalances  the  cost 
of  driving  the  few  additional  shop  rivets. 

At  Lo  in  this  case  the  truss  has  been  designed  so  that  the  rivets 
are  symmetrical  about  the  point  of  intersection  and,  therefore,  only 
a  suflBcient  number  are  required  to  take  up  the  direct  stress  in  the 
top  and  bottom  chords.  In  many  cases  the  end  of  a  roof  truss  is  as 
shown  in  Fig.  68,  in  which  case  the  number  of  rivets  Lo  L2  may  be 
calculated  from  the  equation: 

C)Re 

n^v  —  Rn  = 

V 
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in  which  n=  number  of  rivets  required;  r=  allowable  stress  on  one 

rivet;  fl=the  vertical  reaction;  p=the  rivet  spacing  in  inches;  and 

«=  distance  shown  in  Fig.  68. 

The  number  of  rivets  in  to  Ui  may  be  determined  from  the 

equation : 

,      «       6Sei 
n*v-Sn= 

P 

in  which  S  is  the  stress  in  Lo  Ui,  and  ei  the  distance  shown  in 
Fig.  68.  These  formulas  allow  for  the  stress  due  to  eccentricity. 
The  rivet  spacing  p  is  usually  taken  as  3  inches,  although  it  may  be 
taken  as  any  value  permissible  by  the  specifications. 

In  the  detailing  of  the  lateral  systems,  Plate  III,  the  same  method 
of  procedure  as  above  mentioned  should  be  followed.    Care  should 


Tit.  S8.     Typical  Delail  (or  tbo  End  of  ■  Flf.  60.     Method  of  RiveliocClip 


be  exercised  in  making  tlie  layouts  for  the  lateral  plates  so  that 
sufficient  clearances  are  allowed,  both  in  regards  to  clearances  between 
members  and  clearances  In  rivet  driving. 

The  purlins,  or  rafters,  may  be  detailed  directly  upon  the  main 
sheet  with  the  bracing  or  truss,  or  upon  a  beam  sheet,  preferably 
the  latter.  In  Plate  III  they  are  upon  the  lateral  sheet.  These 
purlins  shoultl  be  riveted,  not  bolted  to  the  chords  of  the  trusses. 
In  order  to  facilitate  erection,  clip  angles  should  be  riveted  to  the 
top  chord  as  shown  in  Fig.  69  so  that  the  purlin  may  be  put  in  place 
and  riveted  up  without  having  to  hold  it  in  place  nith  ropes  or  cluuns. 
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Also  by  this  method  the  purlin  may  be  put  in  place  and  used  as  sup- 
port for  erection  apparatus.  In  Plate  III,  the  additional  pair  of 
holes  at  panel  points  of  the  top  chord  are  for  these  clip  angles. 

After  the  draftsman  has  finished  his  drawing  he  should  care- 
fully check  up  all  dimensions  and  bevels  and  inspect  the  drawing 
for  errors  in  rivet  clearances.  The  passing  in  of  accurate  detail 
drawings  will  soon  result  in  a  promotion  to  checker,  a  more 
pleasant  position,  but  one  with  greater  responsibilities  attached. 

Detailing  of  Plate  Girder  Spans.  The  information  which  the 
draftsman  has  to  start  with  is  in  the  form  of  the  stress  sheet.  This 
may  be  as  Plate  V  which  is  the  latest  and  most  approved  form,  or 
it  will  be  like  Plate  VI.  In  both  cases  the  number  of  rivets  for  the 
lateral  connections  are  given,  but  on  Plate  V  the  rivet  curve  for  the 
spacing  in  the  flanges  is  given  and  also  the  curve  of  the  total  and  dead 
load  shears  and  moments. 

As  soon  as  a  plate-girder  stress  sheet  is  turned  over  to  the 
draftsman,  he  should  lay  it  out  at  once  and  determine  the  exact 
location  of  the  web  splices,  the  stiffeners,  and  the  cover  plates  and 
their  lengths  (if  not  given),  should  decide  upon  the  lengths  of  the 
panels  of  the  lateral  bracing,  and  should  also  make  layouts  of  the 
lateral  plates,  if  possible,  so  that  the  material  can  be  ordered  at  once 
if  necessary.  In  making  the  above  layout  the  following  should  be 
observed : 

(1)  Be  careful  in  locating  splices  to  see  that  they  come  at  a  panel  point  of 
the  lateral  system. 

(2)  Locate  all  splices  and  stiffeners  with  a  view  of  keeping  the  rivet  spacing 
as  regular  as  possible. 

(3)  Have  the  panels  of  the  lateral  systems  equal  if  possible.  If  not,  have  a 
smaller  one  at  the  ends  of  the  girder,  the  remainder  being  of  equal  length. 

(4)  Stiffeners  to  which  cross-frames  are  attached  should  have  fillers. 

(5)  The  outstanding  leg  of  stiff ener  angles  should  have  a  gauge  of  2i  inches 
or  more.  This  will  enable  the  cross-frames  or  floor  beams  to  be  swung  in 
during  erection  without  spreading  the  girders. 

(6)  It  is  always  best  to  use  as  few  sizes  as  possible  for  stiffeners,  connection 
plates,  etc.,  and  avoid  all  unnecessary  cutting  of  plates  and  angles. 

(7)  Locate  the  end  holes  for  laterals  and  diagonals  so  that  they  can  be  sheared 
by  a  single  operation,  see  Fig.  70.  This  will,  as  a  rule,  throw  the  end  rivet 
further  back  from  the  working  point,  and  may  increase  the  size  of  the  con- 
nection plate,  but  it  is  desirable. 

(8)  It  is  preferable  to  have  an  even  number  of  panels  in  the  lateral  system 
since  the  girders  can  in  most  cases  then  be  made  symmetrical  or  nearly  so 
about  the  center. 
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In  addition  to  the  above  the  following  rules  which  apply  directly 
to  the  detailing  should  be  followed.    They  are: 

(1)  The  second  pair  of  stiffeners  over  the  ends  of  the  bed  plate  shall  be  so 
placed  that  the  plate  will  extend  not  less  than  1  inch  beyond  the  outstiAding 

H- 

(2)  If  spans  are  on  a  grade,  unless  otherwise  specified,  put  the  bevel  in  the 
bed  plate  or  masonry  plate  and  not  in  the  base  or  sole  plate,  sometimea 
called  the  bearing  plate. 

(3)  In  short  spana,  50  feet  or  less,  put  slotted  holes  for  anchor  bolts  in  both 
ends  of  the  girder.  This  will  usually  be  covered  by  a  clause  in  the  specifi- 
cations. 

(4)  In  square  spans  show  ooly  one-half,  but  give  main  dimensions  such  M 
"overall"  and  "center  to  center"  and  lengths  of  cover  plates  for  the  entire 


(5)  The  (prdcr  detailed  is  always  the  far  girder  and  is  looked  at  from  the 

(6)  If  a  span  has  no  lower  lateral  bracing,  only  sufficient  of  the  ends  of  the 
girder  arc  to  be  shown  in  order  that  the  dclail  of  the  base  plate  and  its  con- 
nection to  the  flange  may  be  shown. 

(7)  If  the  fillers  become  12  to  15  inches  wide,  they  become  too  heavy  to  be 
slipped  in  in  the  field  and  they  should  be  riveted  in  place  in  the  shop  with 
at  least  two  countersunk  rivets. 

(8)  When  the  ends  of  two  girders  meet  on  the  same  pier  the  masonry  pUte 
should  be  made  continuous,  that  is,  one  plate  to  extend  under  both  spans. 
Never  make  the  base  plates  continuous  since  they  could  not  be  riveted  up 
in  the  field. 

(9)  Detail  the  bed  (masonry)  plate  separately,  never  show  it  ii 
with  the  base  plate. 
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At  least  two  sheets  are  necessary  to  complete  the  detail  dra^^- 
ings  of  any  girder  span,  viz,  (1)  the  Floor,  Masonry,  and  Erection 
Plan,  Plate  VII,  and  (2)  the  Girders  and  Bracing,  Plate  VIII,  although 
in  many  cases  the  information  on  this  sheet  is  put  on  two  sheets, 
the  girder  on  one  and  the  bracing  on  the  other.  The  first  sheet 
should  show: 

(1)  A  cross-section  of  the  floor. 

(2)  A  longitudinal  view  of  the  floor. 

(3)  A  side  elevation  of  the  floor. 

(4)  The  angle  of  skew  and  the  width  of  the  bridge  seat. 

(5)  The  elevation  of  the  bridge  seats  and  the  grade  of  base  of  rail. 

(6)  The  marking  diagram. 

(7)  All  clearances. 

(8)  Other  essential  information. 

In  the  marking  diagram  all  members  which  are  entirely  alike 
should  be  given  the  same  mark.  It  may  be,  and  usually  is  a  fact, 
that  all  marks  can  not  be  put  on  the  marking  diagram  until  the  detail 
drawing  is  done  since  then  and  only  then  is  it  possible,  especially 
with  the  plates,  to  determine  all  members  which  are  alike.  Only 
those  members  which  are  shipped  loose  are  given  a  mark.  Thus 
it  is  seen  that  while  each  connection  plate  has  a  mark,  only  the  entire 
cross-frames  are  given  one  mark  since  the  members  which  compose 
them  are  all  shop-riveted  together.  "Other  essential  information'* 
is  seldom  required.  In  this  special  case  there  is  shown  another  track 
which  it  is  proposed  will  be  put  in  in  the  future.  Another  case  is 
where  each  end  of  the  span  has  a  different  height  from  the  base  of 
rail  to  the  masonry.    In  such  cases  this  should  be  shown. 

On  this  sheet  should  be  shown  the  masonry  plates,  and  if  the 
ends  are  supported  on  cast-steel  bases  the  height  of  these  and  also 
the  dimensions  of  the  base  should  be  given. 

The  following  general  rules  apply  to  the  second  sheet,  Plate  VIII. 

(1)  At  the  top  of  the  sheet  show  a  top  view  of  the  span  with  cross-frames, 
laterals,  and  their  connections  complete,  the  girders  being  placed  at  their 
proper  distances  apart. 

(2)  Below  this  show  the  elevation  of  the  far  girder  from  the  inside,  with  all 
field  holes  in  the  flanges  and  stiiTeners  indicated  and  blackened  in. 

(3)  If  the  span  has  lower  lateral  bracing,  show  below  the  elevation  a  horizontal 
section  of  the  span  just  above  the  tops  of  the  lower  flange  angles.  On  this 
drawing  show  the  lower  lateral  bracing. 

(4)  Cross-frames  shall,  whenever  possible,  be  detailed  on  the  right  hand  of 
the  sheet  in  line  with  the  elevation.    The  frame  shall  be  of  such  a  depth  as 
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FLOOR  PLAIVS  OF  W.  A.  CHILDS  HOUSE  AT  RIVERSIDE,  CALIFORNIA 

George  A.  Clark,  Architect,  Poftadeiia,  Calif oruia 
For  exterior  see  page  91;  for  interiors  see  opposite  page 
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to  permit  it  boinfc  swunf^  into  plaro  without  intorfrrinfc  with  the  hcndH  of 
the  flanf(o-rivetM  in  tho  f^inlcrH. 
(5)     Alwayis  uho  a  platr,  not  a  waMher,  at  th(>  inttTsrction  of  the  diagonals  of 
rroNi-frame. 

The  various  parts  of  Sheet  2.  Plate  VIII,  will  now  be  taken  up 
in  detail  and  (iesoril>e<i  and  comniente<l  uiM)n. 

The  IVebs,  As  a  usual  thinp  wehs  art*  never  siK*eified  in  frac- 
tions of  an  inch.  If  so,  the  next  inch  in  width  must  Ik*  onlere<l  and 
then  after  the  flange  angles  an*  rivett*<l  on,  the  pn)jt*cting  iK)rtion  is 
cut  oflT—  an  exjH'nsive  operation.  Wehs  are  onlered  in  even  inch 
mndths  and  the  distance  hack  to  hack  of  angles  is  made  \  inch  or 
)  inch  greater  than  the  width  of  the  weh  plate.  This  is  sufficient 
to  prevent  any  irregularities  in  rolling  fn)m  projecting  al>ove  the 
flange  angles.  Some  engint*i»rs  favor  the  weh  planed  down  fn)m  the 
jTTPater  width  and  claim  that  the  lK*aring  of  the  weh  on  the  sole  or 
htM?  plate  thus  ohtaine<l  is  a  grt»at  advantage.  The  advantage 
is  >light.  however,  ami  unless  s|K*cially  instructed  to  detail  it  that 
way,  it  >hould  not  Ik*  done.  The  weh  spli(t*s  should,  as  In^fore  men- 
tioneil.  Im'  at  a  panel  jxiint  of  the  lateral  system.  In  s(mie  cases  the 
weh  platt^  hutl  up  against  each  other,  being  plaiunl  to  an  even  l)ear- 
ing.  In  nio>t  cases,  however,  the  ends  of  the  webs  art*  sheare<l  off 
ami  the  customary  1-inch  clearance  is  allowtnl.  In  this  case  the  sum 
of  the  lengths  of  the  wel)s  as  given  is  2  (2.V-J")+2:r-:)J"=7:)M)l", 
while  the  "ov^Tall"  <listanct*  is  7.*>'-l()"  or  J  inch  less,  which  is  taken 
up  by  the  ^Hstaiur  lH»tw(*i»n  webs  at  the  splice  and  by  the  small 
UDount,  J  inch,  which  web  i>  Ik»Iow  the  backs  of  the  angles  at  the 
eml*.  This  shows  the  webs  to  U'  \  inch  apart  at  the  splices.  It  is 
unnecessiiry  to  placr  any  ilimcn>ions  or  notes  on  the  drawing  calling 
attention  to  this  fa<*t  since  the  >hop  will  make  tins  allowanci*  unk*ss 
instructe*!  otherwi>«».  In  case  the  webs  an*  to  be  close  together,  a 
note  mu>t  U*  placetl  on  the  tirawing  at  the  splice,  rea<ling  **\Vel)s 
pUneil  tc»  even  I  Hearing.'* 

IVrff  SfJin.f.  Web  splicrs  nuiy  Ik*  of  tw<»  forms,  viz,  that  as 
indicated  on  Plate  VIII  which  takes  >liear  only,  and  the  moment 
weh  >plii"e.  Tlie  pn»iK*r  maimer  tn  detail  a  moment  web  splici*  is  as 
shown  in  Hg.  71.  In  the  simple  ^liear  splice  lM»th  the  splice  stifTeners 
and  the  splice  platt*s  may  ami  >ho!iM  have  the  same  spacing  as  the 
intenncdiAte  stiffeners,  and  the  rivet  lii>es  >hould  Ik*  space<l  so  as  to 
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correspond  to  the  spacing  in  the  flange  angles.  In  the  moment 
splice  this  should  be  done  if  possible,  but  this  is  seldom  the  case. 
However,  in  case  of  more  than  one  splice  occurring  in  half  of  the 
girder,  they  should  all  be  made  alike,  being  figured  for  the  one  with 
the  greater  stress.  Since  a.  splice  plate  is  a  species  of  filler,  it  should 
be  given  a  mark  so  that  in  case  of  other  splices  occurring  the  mark 
and  not  all  the  dimensions  should  be  placed  upon  it. 

Stiffeners.  All  stiffeners  except  the  second  from  the  end  should 
have  the  outstanding  leg  on  the  side  of  the  gauge  line  away  from  the 
center  of  the  ^rder.  As  a  rule,  the  end  stiffeners  should  have  enough 
rivets  to  take  up  the  end  shear,  and  the  intermediate  stiffeners  should 
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have  sufficient  to  take  up  the  shear  at  that  poiht.  This  would,  if 
carried  out,  require  a  different  number  of  rivets  in  each  stiffener, 
Common  practice  requires  that  the  spacing  in  ail  stiffeners  should 
be  the  same  and  that  this  spacing  should  be  the  same  as  in  the  end 
stiffeners.  In  some  cases,  such  as  in  heavy  girders,  it  is  not  possible 
to  do  this  on  account  of  the  large  number  required  in  the  end  stiffeners, 
and  the  rivet  spacing  is  then  made  the  same  in  all  the  intermediate 
stiffeners. 

The  rivet  spacing  should  not  exceed  4j  or  5  inches  at  the  most 
and  should  be  so  placed  that  it  should  be  symmetrical  about  the 
center.    Wien  the  web  plates  are  of  even  inch  width,  the  }  inch 
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may  be  put  into  one  odd  space  at  the  center  in  order  to  avoid  \  inch 

in  the  spacing.    It  may  be  necessary  to  put  in  a  few  more  rivets  than 

are  computed  as  necessary,  but  the  advantage  gained  by  thus  making 

the  punching  of  the  plate  on  the  multiple  punch  possible,  makes 

this  advisable.    Fig.  72  shows  this  method  of  detailing.    In  order  to 

make  the  shear  plate  at  the  web 

splice  efficient  to  some  degree  in 

withstanding     the     moment — for 

although   it   is  not  computed  to 

take  moment  yet  it  does  in  reality 

—the  rivets  near  the  flange  are 

placed  close   together  for  a   few 

spaces.    If  the  space  changes  after 

that,  it  should   increase  towards 

the  middle  of  the  web,  except  in 

such  a  case  as  Fig.  72  where  the 

center  space  may  or  may  not  be  as 

great  as  those  on  either  side  of  it. 

In  double-gauge  flange  angles 
the  rivet  in  the  stiffener  should  be 
m  the    inner    guage  line   of  the  \ 
flange   angle   as    shoT^n,   and   no  '^ 
n\tx  should  come  closer  than  \\ 
inches  to  the  end  of  a  filler. 

Each  like  stiffener  should  be 
given  a  mark  and  in  case  others 
of  the  same  kind  lx)th  in  size  and 
punching  occur,  the  mark  may 
be  used  instead  of  the  material 
notation  and  dimension.  Those 
crimped   T^nll    l>e    given    <lifftT(*nt 

mark  even  if  size  and  punching  art*  the  same.  It  should  be  noted 
that  !>ome  of  the  stiffener  angles  differ  only  from  the  fact  that  they 
have  holes  in  their  outer  leg  to  which  the  cross-frames  are  a)n- 
oerted,  hence  a  different  mark. 

The  length  of  stiffeners  listed  on  the  drawing  is  the  distance 
inside  of  flange  angle  legs.  Without  further  instructions  they  will 
be  gnmnd  by  the  shopmen  so  as  to  have  a  snug  fit. 


O    -  <^-  -  O 
<3>  — (^      O- 


Fig.  72       Methrxl  «.f  Dftailinu  Web  PUt« 
Sliflfcncrs 
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Fillers.  Fillers  are  placed  under  angles  that  are  crimped  sibce 
the  angles  are  only  crimped  |  inch  and  not  the  entire  j  inch  which 
is  the  thickness  of  the  flange  angles.  The  fillers  are  given  marks  for 
the  same  reasons  and  in  accordance  with  the  same  rules  that  apply 
to  stiffeners. 

Flange  Angles.  In  case  of  double  gauge  on  the  6-inch  flange 
angle  it  is  better  to  put  the  2}-inch  gauge  on  the  inside,  no  matter 


'\^ Center  line  of  Girder 

Fig.  73.     Method  of  DeUilinE  Itivel  Sparing  »ilh  Flsnce  Anglca 

what  the  thickness  may  be,  since  by  this  operation  the  rivets  in  the 
horizontal  flange,  providing  that  is  a  double-gauge  line,  may  be 
more  advantageously  spaced  on  account  of  the  fact  that  the  required 
stagger  will  be  less. 

The  rivet  spacing  in  the  vertical  leg  of  the  flange  angles  should 
increase  from  the  end  towards  the  center  and  should  remain  the 
same,  as  far  as  possible,  between  any  two  stiffeners,  any  changes 
necessary  being  made  near  the  stiffeners.    Since  a  rivet  must  always 
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be  in  the  inner  gauge  line  at  a  stiffener,  an  e^'en  number  of  spaces 
must  be  between  any  two  stiffener  gauge  lines,  since  the  rivets  must 
stagger.  This  brings  one  ri\et  in  the  center  of  the  girder,  which 
can  not  occur  in  case  there  is  a  splice  at  the  center  of  the  girder.  The 
stagger  may  then  be  broken  as  in  Fig.  73,  the  stiffener  angle  being 
placed  as  shown  and  the  rivet  spacing  being  synmietrical  on  each 
side  of  the  center  of  the  girder. 

Between  the  stiffeners  at  the  end,  the  spacing  should  be  the 
same  as  it  is  between  the  next  two  stiffeners. 

The  spacing  at  any  point  should  ne\'er  exceed  the  computed 
spacing  unless  constructive  reasons  require  it.  On  account  of  rivet- 
driving  clearances,  a  J-inch  rivet 
can  not  be  driven  any  closer  than 
11  inches  to  another  member. 
Therefore,  rivets  can  not  be 
driven  any  closer  to  the  stiffener 
than  11  inches,  see  Fig.  74,  For 
this  particular  sized  stiffener,  the 
minimum  spacings  next  to  it  will 
be  31  inches  and  2f  inches  as 
seen  in  Fig.  74,  The  rivet-spac- 
ing multiplication  table,  Table  X, 

will     be     found    very    helpful     in  Fig.  71.    Minimum  RLvei  Spacing  tot 

spacing  the  rivets  here. 

Since  the  single  gauge  is  used  in  the  top  flange  and,  according 
to  the  stress  sheet,  two  rivet  holes  are  taken  out  of  each  angle,  it 
is  possible  to  space  the  ri\ets  In  the  outstanding  leg  and  cover  plates 
without  reference  to  those  in  the  other  leg  of  the  angle,  due  care 
being  taken  that  they  do  not  come  closer  than  11  inches  to  the  out- 
standing stiffener  leg.  No  special  rule  governs  the  spacing  in  the 
cover  plates,  the  only  requirement  being  those  of  the  specifications, 
and  that  the  number  of  rivets  from  the  center  of  the  span  to  the  end 
of  the  cover  plate  or  the  number  of  rivets  from  the  end  of  one  cover 
plate  to  the  end  of  another  shall  be 

(net  area  of  cover  plate)  s 


where  Ti=the  number  required;  »=the  allowable  unit  flange  stress; 
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and  v= the  value  of  a  rivet  in  single  shear  or  bearing  in  the  cover  plate, 
whichever  is  the  smaller.  For  the  first  cover  plate  on  top  of  the 
flange  angles  this  equation  gives 


n= 


[(16  X  A)  -  2  (1  +  i)  A]  X  10000 


6013 


=  13 


which  shows  the  number  78  to  be  amply  sufficient  in  this  respect. 
A  clause  in  most  specifications  requiring  the  maximum  spacing  to 
be  not  greater  than  16  times  the  thinnest  plate  and  not  greater  than 
6  inches,  further  governs  the  number,  which  would  be  50  by  this  re- 


-rt 


6^Zl 


1^' 


Fig.  75.     Typical  Stiffener  and  Rivet  Spacing  Diagram 

quirement.    Most  engineers,  notwithstanding  the  specifications,  re- 
quire the  majority  of  the  spacing  to  be  within  5  inches. 

In  case  the  spacing  in  the  top  flange  is  on  a  double-gauge  line, 
care  must  be  taken  to  see  that  the  minimum  stagger,  Table  IX,  is 
not  violated.  In  such  cases  it  is  customary  to  place  a  rivet  in  the 
inner  gauge  line  of  one  leg  opposite  a  rivet  in  the  outer  gauge  line  of 
the  other  leg,  and  to  do  this  until  a  stiffener  interrupts,  when 
spacings  are  made  with  the  observance  of  Table  IX,  until  the  rivets 
can  be  placed  opposite  again. 
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In  order  to  illustrate  the  above  principles  in  regard  to  spacing 
when  double-gauge  lines  are  used  on  both  legs  and  the  maximum 
spacing  for  any  particular  distance  is  shown  by  the  rivet  curve,  an 
example  will  be  given.  Let  the  stiffeners  and  the  rivet^pacing 
diagram  be  as  in  Fig.  75.  This  shows  the  allowable  rivet  spacing  to 
be  2§  inches  at  the  second,  3J  inches  at  the  third,  and  3J  inches  at 
the  fourth  stiffener,  the  distance  between  stiffeners  being  6'-7J". 
Let  it  be  required  to  determine  the  rivet  spacing  between  the  second 
and  fourth  stiffeners 


C.PI,l6'xfjf33'-5"  Top    &  Bottom 


Since  the  stiffener  angles  have  a  3-inch  leg  on  the  web,  the 
gauge  of  which  is  1 J  inches,  and  no  rivet  can  be  driven  closer  to  the 
edge  of  the  leg  on  the  web  or  to  the  outstanding  leg  than  \\  inches, 
no  rivets  can  be  driven  closer  to  the  gauge  than  3  inches  and  1\ 
inches  on  the  sides  of  the  outstanding  leg  and  the  edge  of  the  other 
leg,  respectively,  see  Fig.  76.  Since  3  inches  is  the  minimum  distance 
it  must  be  used  at  stiffener  (2)  notwithstanding  the  fact  that  the 
spacing  diagram  requires  not  less  than  2\  inches.  This  leaves  (0'-7J") 
— 3"=6'-4}"  from  that  rivet  to  the  one  in  the  gauge  at  the  top  of 
stiffener  (3),  no  attention  being  paid  to  3  inches,  the  minimum  dis. 
tance  here,  since  it  b  less  than  the  Z\  inches  required  by  the  diagram. 
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An  odd  number  of  spaces  must  be  used  since  the  last  rivet  is  on  the 

other  gauge  line;  and  from  the  rivet-spacing  diagram  it  is  seen  that 

the  spacing  can  not  exceed  2f  inches  until  half  way  between  the  two 

stiffeners,  and  that  a  space  or  two  of  3J  inches  would  be  allowed  at 

stiffener  (3). 

By  consulting  Table  X  it  is  seen  that  29  spaces  at  2J  inches  are 

equal  to  6'-0|".     Now  (r/-4i")-(6'-0r')  =  3r'  or  15  fourths  (V), 

from  which  it  is  seen  that  if  I  inch   was  added  to   15  of  the  29 

@  2^",  the  result  would  be  all  that  is  desired ;  but  this  would  leave 

the  last  space  2J  inches  and  by  Fig.  76  it  is  seen  that  it  must  be 

at  least  3  inches.     By  making  the  last  space  3  inches,  which  is  J 

inch,  or  ^  greater  than  2^  inches,  there  remain  28  spaces  between 

15      2      13 

rivet  a  and  rivet  6,  Fig.  76,  and  onlv  — =  —  left.     If,  there- 

^  4       4       4 

fore,  J  inch  be  added  to   13  of  the  22-inch  spaces,  making  13  of 

25"+!"= 3 J"  each,  the  spacing  will  be  correct.    It  is: 

1  space  at  3"  =  0'-3" 
15      '*       ^'2-J"=3'-lJ" 
13      ''       "2r'=2'-ll|" 

1      *»       -3"  =0'-3" 

"Total=~6^7i'^ 

In  a  similar  manner  the  second  space  between  stiffeners  has  its 
rivet  spacing  determined.  Here  it  is  seen  that  the  rivet  spacing  may 
start  at  3^  inches,  can  not  exceed  3^  inches  until  past  the  middle, 
and  can  have  a  few  spaces  at  3f  inches  at  the  stiffener.  By  Table  X 
it  is  seen  that  24  spaces  at  3J  inches  equal  6'-6".  Now  (6'7J") — 
(6'-6")=  1 4"  or  ^  and  if  one  of  the  24  spaces  be  increased  J  inch  and 
two  of  them  are  increased  i  iii<-'h  the  entire  l  inch  will  be  used  up 
and  the  spacing  will  have  been  completed.    It  is* 

21  spaces  at  3J"  =  5'-Si" 
1        -        -3iy/=()/.3w/ 

9  a  n  03'' (\f  71// 

^  •>  4      —  1/  - 1  2 

Total=()'-7J" 

In  a  similar  manner  almost  anv  combination  can  be  made  to  fill  out 
any  dimension. 
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The  rivets  in  the  horizontal  flange  of  the  angle  and  the  cover 
plate  are,  when  the  spacing  is  greater  than  2  J  inches,  placed  opposite 
those  in  the  vertical  flangi»s  as  is  shown  in  Kig.  7(),  sinct»  according 
to  Table  IX,  }'  being  (2J"— J")=  U"»  '!<>  staggtT  is  rt*quired,  and 
where  the  s|>acing  is  less  than  2J  inches  it  is  changed  so  as  to  l)e  3 
inches*  or  more.  In  such  cases  as  this  it  is  not  necessary  to  give  spac- 
ing in  the  tt>ver  j)lates,  a  note,  *'Spacing  same  as  in  vertical  legs" 
or  "SjMicing  same  as  in  web'*  being  all  that  is  rt*(iuir(Ml. 

After  all  the  spacing  in  the  cover  plates  has  Inrn  determined, 
it  may  Ik*  nt*cessiiry  to  change  it  slightly  in  onlcr  to  allow  for  better 
spacing  in  the  ctmnei^tion  plates,  but  it  is  common  practice  to  make 
the  coime<*tion  plati*s  conform  to  the  spacing  in  the  clover  plates  since 
by  M»  <loing  the  additional  cost  of  templets  for  the  horizontal  legs 
of  angles  is  savtHi;  and  although  a  few  additional  templets  for  con- 
nection plates  may  Ik*  n»<iuirtMl  the  saving  is  considerable. 

Cttrer  Plates.  The  actual  lengths  recjuiretl  are  given  on  the 
5tpe>s  ^heet,  but  when  the  pn*liminary  layout  is  made  and  the  material 
onlen*tl.  the  plates  an*  onlert^l  longer  in  onler  that  they  will  at  least 
be  the  n^fjuiretl  length  when  they  art*  on  the  girder.  The  cover  plates 
should  Ik*  stopfKHl  so  that  the  last  rivet  is  \\  inches  from  the  en<l, 
an<l  in  the  case  of  double-gauge  angles  this  rivet  must  lit  on  the  outer 
gaugt*,  see  Fig.  7<>.  The  single  gauge  is  to  \w  rcconnnende<l,  pn>- 
vi<iing  sufficient  rivets  can  Ik»  gotten  in.  At  the  cn<ls  of  the  cover 
platens  it  is  not  necessary  to  give  the  distaiurs  to  the  t^lges.  The 
dimen>ions  should  go  on  as  in  Plate  VIII  and  Fig.  IW,  The  material 
notation  >hould  Ih*  put  on  as  shown,  all  cover  plates  on  lH)th  top  and 
bottom,  which  an*  of  the  same  serti<»n  and  length,  being  li>tt*<l  at 
the  top.    Any  plate  which  is  siH*<ial  to  the  Iwittom,  is  listt^l  there. 

The  In^ginner  should  Ik*  careful  to  n(»te  that  the  bottom  cover 
plate  next  to  the  flange  angles  d(K's  luit  run  the  entire  length  of  the 
fririler.  and  atx'onlingly  he  sh<»uld  not  nm  his  rivet  spaeing  in  the 
bottom  flangt*  thnuigh  t<»  the  end  but  should  stop  at  the  en<l  of  the 
cover  plate,    lliis  is  a  i^>mmon  error  for  iH'ginners. 

Cnas  Frames.  The  cn>ss  frame>  mav  Ik*  <letailnl  as  shown  in 
Plate  VIII  or  as  ^hown  in  Fig.  77.  A  layout  of  the  plates  nnist  Ih» 
maiie;  the  working  |K»int  InMug  taken  at  the  interM*ction  of  the  angle 
|Caug«*s.  as  in  Fig.  77,  or  at  S4»me  |H»int  which  i>  apprnximately  in 
the  line  a>nnec*ting  these  |K)ints,  set*  Hate  VIII.    The  latter  method 
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has  the  advantage  in  that  it  allows  the  point  to  be  so  chosen  that 
the  ends  of  the  diagonals  will  be  about  1  inch  from  both  the  stiffener 
and  the  top  angle,  thus  making  a  smaller  plate.  The  bevels  are  not 
stated  on  the  diagonals  since  the  dimensions  are  given  directly. 

The  end  distances  should  be  given  or,  if  not,  a  note  stating  their 
value  should  be  on  the  sheet.  The  distance,  intersection  to  inter- 
section and  end  hole  to  end  hole,  should  always  be  given,  likerrise 
the  dbtance  to  the  center  of  any  group  of  holes.  The  rivet  spacing 
may  then  be  measured  from  these  points.  It  was  formerly  customary 
to  give  the  distance  a,  Fig.  77,  but  it  is  unnecessary  and  it  is  not  now 


put  on  the  drawing.  Attention  is  called  to  the  detailing  of  the 
diagonals  in  C.  F.  1 ,  the  center  line  being  half  way  between  the  gauges 
and  a  rivet  placed  on  it  at  the  ends. 

Rivet  clearances  sliould  receive  close  attention.  The  first  rivet 
in  the  horizontal  leg  of  the  top  and  bottom  stmts  should  be  at  least 
1  i  inches  away  fmm  the  edge  of  the  cover  ])lnte,  and  it  and  all  others 
should  BO  stagger  with  those  in  the  vertical  flange  that  the  field 
rivets  may  he  driven.  In  case  the  frames  are  as  in  Plate  Vlll,  the, 
clearances  of  the  rivets  should  be  looked  after  and  the  spacing  in 
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the  cover  plates  be  so  arranged  as  to  have  one  rivet  on  the  gauge  of 
the  angle. 

In  cases  where  there  is  not  a  cover  plate  or  where  the  cover  plate 
is  thin,  the  tie  may,  on  account  of  its  being  notched  J  inch,  press 
down  on  the  rivet  heads  of  the  cross  frames.  This  may  be  avoided 
either  by  cutting  out  the  tie  or  by  placing  fillers  as  sho^Ti  in  Fig.  77. 
Since  the  tie  is  notched  at  J  inch  and  the  head  of  a  J-inch  rivet  is 
I  inch,  then  the  cover  plate  thickness  added  to  that  of  the  angle  must 
be  at  least  (i+|)=  U  inches  In^fore  a  filler  is  required;  and  the  thick- 
ness of  the  filler  required  in  any  case  is 

/=li"-^ 

where  s  is  the  sum  of  the  thicknesses  of  the  cover  plate  and  flange 
angle,  or  flange  angle  alone  in  case  there  is  no  cover  plate.  Of  course 
DO  filler  is  required  at  the  lH)ttom.  All  iiitermeiliate  cross  frames 
should  \>c  alike,  and  the  end  cn)ss  frames  should  In?  like  each  other. 
In  Mate  VIII.  the  angles  are  I  inch  and  the  first  cover  plate  A 
inch,  the  sum  being  (J  +  A)  =  1 A  inches,  which  is  greater  than  1  J, 
no  filler  is  required. 

The  top  angles  should  have  their  horizontal  leg  detailed  with 
the  cross  frame.  This  will  save  manv  dimensions  on  the  lateral 
svftems  when  they  are  detailed. 

Lateral  Systems.  The  lateral  systems  should  l)e  detailed  in 
place  whenever  jKissible. 

All  the  panels  of  the  lateral  systems  should  l>e  of  the  same 
length.  If  this  is  not  iK)ssil»le.  the  shortest  panels  shouhl  1k»  at 
the  ends.  It  is  sc»l<lom  iM)ssilile  to  make  all  the  panels  c(|ual  when 
a  rollc<l-steel  masonry  plate  is  usnl.  In  case  of  the  ca>t-stccl  iHMlestals, 
the  dimensions  of  the  top  nuiy  be  so  chosen  a>  to  lunc  all  the  panels 
of  the  lateral  system  wpial.  This  will  make  the  lcn^tli>  of  all  angh*s 
with  the  same  sizetl  legs  on  connection  plates  equal. 

The  angles  may  1k»  detaile<l  as  ^hown  in  Hale  \  III  or  as  in  Fig. 
78.  In  either  case  the  distaiur  bctwcm  intersections  an<l  In^twet^n 
end  holes  mu.st  Ik*  given.  The  rivet  spacing'  is  incasuriMl  hack  fnmi 
these  referenif  |)oints,  l)eing  deterininetl  from  the  layout  of  the  plate. 
The  distance  fnmi  the  working  |M>int  out  to  the  fir>t  h<»le  should  Ik? 
given.  Tlie  eml  distanci»  should  1k»  given  or  els«'  notnl  scmiewhere 
else.    The  plate  should,  when  a  double-gauge  line  i>  u>e<l,  Ik'  made 
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to  take  in  both  rows  of  rivets;  however,  as  mentioned  before,  the 
double-gauge  line  should  only  be  used  when  unavoidable. 

The  working  point  should  be  in  the  center  of  the  web  and  on  the 
gauge  line  of  the  stiffener  angle  when  the  method  used  in  Fig.  78 
is  used,  except  in  cases  where  a  splice  is  used  in  the  center  of  the 
girder,  and  then  the  intersection  or  working  point  should  be  at  the 
center  of  the  girder,  see  Fig.  73.  All  of  the  methods,  Plate  VIII 
and  Figs.  78a  and  78b,  are  in  common  use.    The  author  prefers  those 
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Fig.  78.     Detailing  of  Angles  in  Lateral  Systems 

shown  in  78b  or  Plate  VIII.  Sufficient  clearance  should  be  between 
the  cross  frame  and  stiffener,  see  Fig.  78b. 

p]ach  different  angle,  as  in  the  case  of  stiffeners,  should  have 
a  different  mark.  In  such  cases  the  mark  is  all  that  is  necessary 
to  designate  another  angle  exactly  like  it,  thus  much  repetition  in 
detailing  is  avoided.  The  lateral  systems,  Plate  VIII,  are  good 
examples  of  the  efficient  use  of  the  marking  system. 

The  size  of  the  connection  plates  is  determined  from  the  layouts, 
the  rivet  spacing  and  clearanc*es  all  being  taken  from  the  layout  also. 
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rhe  edge  distances  of  the  workiiijj  ends  and  edges  are  shown  only 
when  greater  than  IJ  inches,  and  in  some  rases  even  then  the  phites 
are  kept  rectangular  tliroughont  except  in  the  case  of  the  smaller 
ones.  Few  sizes  for  many  plates  jjive  evidenci*  of  ^mmI  detailing, 
and  Plate  VIII  exemplifies  this.  It  might  he  noted  that  with  single 
gauge  lines  in  the  cover  plates,  the  plates  can  he  detaiU*d  more 
economically  than  when  the  donhle-gauge  lines  are  used  in  the  angles. 
A  notch  must  Ik*  cut  in  the  plates  to  allow  the  stitTener  angle 
to  clear.  This  must  Ik*  carefully  locate<l  and  dctaile<l  for  each  plate 
where  it  differs  in  the  least,  and  all  plates  to  which  any  one  notch 
applies  should  be  noteil  directly  with  the  detail. 
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Bearings,  The>e  may  he  as  xhown  on  riat<'  VIII  and  shouKl 
hedetaileil  in  that  manner,  or  they  may  eon>iNt  of  ca'-t-^teel  |KNh»stals 
with  or  without  rollers.  Figs.  7l>  and  so.  The  n>llcr>  may  1k»  either 
rinnilar  or  segmental.  In  the  latter  ca>e  they  >lH»nld.  in  case  the 
abutment  or  pier  i>  liable  to  x'ttle.  have  a  to^ith  on  each  end  of  the 
li»wrr  plates,  otherwiM*  the  movement  of  the  ginler  and  the  move- 
ment <hie  to  the  settlement  of  the  abutment  N\ill  cau>e  the  n>llers 
to  tilt  over  S4>  fur  that  they  will  not  move  back  under  movements 
due  to  tem|)erature. 
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Dctaning  of  Compi'essioii  Members.  The  first  thing  necessary 
is  to  determine  the  pin  plates  and  the  number  of  rivets  required. 
This  is  done  bv  a  method  already  discussed. 
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FiC    ftl.      Drtmil  uf  A  Two-Anitlo  Compri>Mton  Member 

The  rivc't  clearances  and  also  the  clearances  rwjuired  in  order 
that  each  nieniF>er  may  fit  in  with  the  adjacinit  ones  in  the  structure, 
should  reccivf  the  most  careful  i*on>i<l(Tation. 

The  ^impression  menilK»rs  con>istin^  of  two  angles  riveted 
should  lie  rivetetl  together  at  di^taiurs  thn)Ughoiit  their  length  not 
pn*ater  than  12  inches.  The  clauses  <»f  the  s|H*cifi(»ations  relative 
to  lattice  l>ars,  sc»e  Table  XI\'.  and  batten  plates  should  l)e  carefully 
read  and  foUowinl.    The  dimensions  nwrssary  in  compression  mem- 
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lier*  of  two  angl(*s  an*  the  ^nuw  n^  tlmM*  rcijuirc*!  iu  dia^oiuils  of 
plate  girders.  The  spacing'  nf  tin*  ri\«'t^  N\lii<h  rl\ct  the  angles 
together  need  not  l»e  given  but  noti^d  a>  "Rivets  >pacx*d  alMUit  12 
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inches  centers."  Fig.  81  is  a  detail  of  a  two-angle  compression 
meml?er. 

When  two  or  four  angles  are  latticed,  they  should  have  tie  plates 
at  their  ends  unless  otherwise  specified.  In  such  cases  the  method 
of  detailing  is  shown  in  Fig.  82.  The  ends  may  or  may  not  be  alike. 
The  left-hand  end  is  the  most  usual  method  of  connection. 

Compression  members  consisting  of  channels  and  lacing  bars 
and  tie  plates  are  very  common.  Their  design  is  given  in  Bridge 
Engineering  and  the  clauses  of  the  specifications  cover  the  details. 
The  pin  plates  should  be  on  the  inside,  not  the  back,  of  the  channel. 
Fig.  83  represents  a  typical  detail  of  this  class  of  member. 

Compression  members  of  cover  plates  and  channels  are  used 
in  light  bridges.    The  detailing  of  such  a  class  is  shown  by  Fig.  84. 

Heavy  compression  members  are  made  up  of  angles  and  plates. 
The  detailing  of  such  members  requires  considerable  care  in  order 
that  the  clearances  may  be  sufficient.  Fig.  85  shows  a  top  chord 
section  Uo  Uz  of  a  riveted  railroad  bridge  and  fairly  well  represents 
the  detailing  of  that  type  of  member. 

Detailing  of  Built=Up  Tension  Members.  The  detail  of  these 
members  is  no  different  from  the  detailing  of  compression  members 
of  the  same  class,  except  that  care  must  be  taken  not  to  reduce  the 
section  beyond  the  required  amount,  by  taking  out  too  many  rivet 
holes.  Those  clauses  of  the  specifications  relating  to  batten  or  tie 
plates  and  lattice  bars  apply  here  as  well  as  to  compression  members. 

Built-up  tension  members  must  be  symmetrical  about  the  neutral 
axis. 

Facilitation  of  Erection.  In  detailing,  it  should  be  kept  in  mind 
that  while  there  are  many  ways  to  detail  a  piece  so  that  the  shop 
and  field  will  get  it  right,  yet  some  of  tliem  are  such  that  the  fabrica- 
tion and  the  erection  will  be  greatly  fac  ilitated  if  they  are  used.  The 
rules  to  facilitate  fabrication  are  the  princii)les  laid  dowTi  in  the 
previous  pages.  While  experience  is  necessary  in  order  that  the 
erection  will  be  facilitated  by  the  correctly  j)lanned  details  of  the 
draftsman,  yet  many  points  tending  to  this  may  be  put  in  the  form 
of  rules  or  instructions.  The  following  will,  if  attended  to,  tend  to 
prevent  delays  and  will  facilitate  erection. 

(1)     The  first  consideration  for  ease  and  safety  in  erection 
should  be  to  so  arrange  all  details,  joints,  and  connections  that  a 
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structure  may  be  connected,  made  self-sustaining  and  safe  in  the 
shortest  time  possible. 

(2)  Entering  connections  of  any  character  should  be  avoided 
when  possible,  notably  on  top  chords,  floor  beam  and  stringer  con- 
nections, splices  in  girders,  etc. 

(3)  When  practicable,  joints  should  be  so  arranged  as  to 
avoid  having  to  put  members  together  by  entering  them  on  end, 
as  it  is  often  impossible  to  get  the  necessary  clearance  in  which  to 
do  this. 

(4)  In  all  through  spans  floor  connections  should  be  so 
arranged  that  the  floor  system  can  be  put  in  place  after  the  trusses 
or  girders  have  been  erected  in  their  final  position,  and  vice  versa, 
so  that  the  trusses  or  girders  can  be  erected  after  the  floor  system 
has  been  set  in  place. 

(5)  All  lateral  bracing,  hitch-plates,  rivets  in  laterals,  etc., 
should,  as  far  as  possible,  be  kept  clear  of  the  bottom  of  the  ties,  it 
being  very  expensive  to  cut  out  ties  to  clear  such  obstructions. 

(6)  Lateral  plates  should  be  shipped  loose,  or  bolted  on,  so 
that  they  do  not  project  outside  of  the  member,  whenever  there  is 
danger  of  them  being  broken  off  in  unloading  and  handling. 

(7)  Loose  fillers  should  be  avoided.  They  should  be  tacked 
on  with  rivets,  countersunk  where  necessary. 

(8)  In  elevated  railroad  work,  viaducts,  and  similar  struc- 
tures, where  longitudinal  girders  frame  into  cross  girders,  shelf 
angles  should  be  pro\aded  on  the  latter.  In  these  structures  the 
expansion  joints  should  be  so  arranged  that  the  rivets  connecting 
the  fixed  span  to  the  cross  girder  can  be  driven  after  the  expansion 
span  is  in  place. 

(9)  In  viaducts,  etc.,  two  spans,  abutting  on  a  bent,  should 
be  so  arranged  that  either  span  can  be  set  in  place  entirely  independent 
of  the  other.  The  same  thing  applies  to  girder  spans  of  different 
depth  resting  on  the  same  bent. 

(10)  Holes  for  anchor  holts  should  be  so  arranged  that  the 
holes  in  the  masonry  can  be  drilled  and  the  bolts  put  in  place  after 
the  structure  has  been  erected  complete.  In  concrete  masonry  they 
should  be  set  very  carefully  according  to  data  furnished  by  the 
Bridge  Company. 

(11)  In  structures  consisting  of  more  than  one  span  a  separate 
bed-plate  should  be  provided  for  each  shoe.  This  is  particularly 
important  where  an  old  structure  is  to  be  replaced;  if  two  shoes  were 
put  on  one  bed-plate  or  two  spans  connected  on  the  same  pin,  it 
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would  necessitate  removing  two  old  spans  in  order  to  erect  one  new 
one. 

(12)  In  pin-connected  spans  the  sections  of  top  chords  nearest 
the  center  should  be  made  with  at  least  two  pinholes.  On  skew 
spans  the  chord  splices  should  be  so  located  that  two  opposite  panels 
can  be  erected  without  moving  the  traveler. 

(13)  Tie  plates  should  be  kept  far  enough  away  from  the 
joints,  and  enough  rivets  should  be  countersunk  inside  the  chord, 
to  allow  of  eye  bars  and  other  members  being  easily  set  in  place. 

(14)  Posts  with  channels  or  angles  turned  out  and  notched 
at  the  ends  should,  whenever  possible,  be  avoided. 

In  conclusion,  it  may  be  said  that  the  author  has  written  this 
treatise  with  the  idea  of  preventing  the  beginner  from  falling  into 
the  more  conunon  errors  of  judgment,  as  well  as  helping  him  to  become 
proficient  in  detailing  according  to  good  common  practice. 
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STATICS. 


This  subject,  called  Statics,  is  a  branch  of  Mechanics.  It 
deals  with  principles  relating  e8])eciHlly  to  forces  which  act  upon 
bodies  at  rest,  and  with  their  useful  appiicallons. 

^lere  are  two  quite  different  inethcnls  of  carrying  on  the 
discassions  and  computations.  In  one,  the  (juantitios  under  con- 
sideration are  n^presenttnl  by  lines  and  th<*  discussion  is  wholly  by 
of  giHmietrical  fitrures,  and  computations  are  carried  out  by 
of  figures  drawn  to  scale;  this  is  calUnl  the  <jraj)h!cal 
method*  In  the  other,  the  quantities  under  consideration  are 
represented  by  Bym]»oIs  as  in  ordinary  Algebra  and  Arithmetic, 
and  the  discussions  and  computations  are  carried  on  l>y  the  methods 
of  those  branches  ami  Trigonometry;  this  is  cuIKmI  the  algehmic 
wuihod.  In  this  piilMT,  both  metlunls  areempIuytHl,  and  generally, 
in  a  giveo  case,  the  more  suitable  of  the  two. 

I.     PRELIMINARY. 

!•  Force.  The  student,  no  doubt,  has  a  reasonably  clear  idea  as 
lo  what  is  meant  by  force,  yit  it  may  U*  w«'ll  to  rfjM'at  ht»re  a  few 
definitions  relative  to  it.  l^y  force  is  nirant  simply  a  jmah  or 
pull.  Every  force  has  majcnitude,  and  to  express  the  magnitude 
of  a  given  for(*e  we  state  how  many  timrs  greater  it  is  than  some 
standard  force.  Convenient  standards  are  those  of  weight  and 
these  are  almost  always  used  in  this  conniM*tion.  Thus  when  we 
speak  of  a  force  of  1<>0  |HMinds  \v<*  mean  a  force  etpial  to  the 
weight  of  100  {nmnds. 

We  say  that  a  fon*e  has  direction,  and  we  mean  by  this  the 
direction  in  which  the  fore**  wouM  niu\r  tlie  ImhIv  ujHin  which  it 
acts  if  it  a^'ted  aIoii<*.  Tlui'',  11:^.  1  rrpn-.-eiits  a  ImhIv  In-ing 
polled  to  the  right  by  means  i»f  a  cord;  tb<*  direiMinn  df  the  fnrei 
exerted  11p<»n  the  ImmIv  is  Imri/nntal  and  t<»  tin*  ri^dit.  Till*  direc 
tioo  may  l»o  indicated  by  any  lin«*  di;i\Mt  in  the  figure  |«;irall(d  ti« 
the  cord  with  an  arniw  on  it.  p<ii'itin*j  t'>  tlt<-  ri^'ht. 

We  say  h1m3  tliat  a  fnree  Ici-i  a  place  of  application,  and  we 
by  that  the|>art  or   plaet*  on    tin*   binly  to  \\liieli  the   force  is 
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applied.  When  the  place  of  application  is  small  so  that  it  may  be 
regarded  as  a  point,  it  is  called  the  "point  of  application."  Thns 
the  place  of  application  of  the  pressure  (push  or  force)  which  a 
locomotive  wheel  exerts  on  the  rail  is  the  part  of  the  surface  of 
the  rail  in  contact  with  the  wheel.  For  practically  all  purposes 
this  pressure  may  be  considered  as  applied  at  a  point  (the  center 
of  the  surface  of  contact),  and  it  is  called  the  point  of  application 
of  the  force  exerted  by  the  wheel  on  the  rail. 

A  force  which  has  a  point  of  application  is  said  to  have  a  line 
of  action,  and  by  this  term  is  meant  the  line  through  the  point  of 
application  of  the  force  parallel  to  its  direction.  Thus,  in  the 
Fig.  1,  the  line  of  action  of  the  force  exerted  on  the  body  is 
the  line  representing  the  string.     Notice  clearly  the  distinction 

between  the  direction  and  line  of  action 
of  the  force;  the  direction  of  the  force  in 
___.,.^     the  illustration  could  be  represented  by 

any  horizontal  line  in  the  figure  with  an 
p.     -  arrowhead  upon  it  pointing  toward  the 

right,  but  the  line  of  action  can  be  rep- 
resented only  by  the  line  representing  the  string,  indefinite  as  to 
length,  but  definite  in  position. 

That  part  of  the  direction  of  a  force  which  is  indicated  by 
means  of  the  arrowhead  on  a  line  is  called  the  sense  of  the  force. 
Thus  the  sense  of  the  force  of  the  preceding  illustration  is  toward 
the  right  and  not  toward  the  left. 

3.  Specification  and  Qrapliic  Representation  of  a  Force. 
For  the  purposes  of  statics,  a  force  is  completely  specified  or 
described  if  its 

(1)  magnitude,  (2)  line  of  action,  and  (3)  sense  are  known 
or  given. 

These  three  elements  of  a  force  can  be  represented  graphically, 
that  is  by  a  drawing.  Thus,  as  already  explained,  the  straight  line 
(Fig,  1)  represents  the  line  of  action  of  the  force  exerted  upon  the 
body;  an  arrowhead  plact'd  on  the  line  pointing  toward  the  right 
gives  the  sense  of  the  force;  and  a  definite  length  marked  off  on  the 
line  represents  to  some  scale  the  magnitude  of  the  force.  For  ex- 
ample, if  the  magnitude  is  50  j)0unds,  then  to  a  scale  of  100  pounds 
to  the  inch,  one-half  of  an  inch  represents  the  magnitude  of  the  force. 
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It  is  often  convenient,  especially  when  many  forces  are  con- 
cerned in  a  tingle  problem,  to  use  two  1  inea  instead  of  one  to 
repreaent  a  force — one  to  represent  the  magnitude  and  one  the 
line  of  action,  the  arrowhead  being  placed  on  either.  Thus  Fig.  2 
also  repreaenta  the  force  of  the  preceding  example,  AB  (one-half 
inch  long)  representing  the  magnitude  of  the  force  and  ab  its  line 
of  action.  The  line  AB  might  have  been  drawn  anywhere  in  the 
figure,  but  its  length  is  definite,  being  fixed  by  the  scale. 

The  part  of  a  drawing  in  which  the  body  upon  which  forces 

act  is   represented,  and  in 
which  the  lines  of  action  of  the 

■^ »    ^         ^ ^        forces  are  drawn,  is  called  the 

Sc€Ue:ltn..ioolbS    space  diai^ram    (Fig.    2a). 

tej^  (b)  ^^  ^^^  body  were  drawn  to 

p,     ^  scale,  the  scale  would  be  a  cer- 

tain number  of  inches  or  feet 
to  the  inch.  The  part  of  a  drawing  in  which  the  force  magnitudes 
are  laid  off  (Fig.  2b)  is  called  by  various  names ;  let  us  cM  it  the 
Isrce  dlafrain.  The  scale  of  a  force  diagram  is  always  a  certain 
number  of  pounds  or  tons  to  the  inch. 

3*  hMation.  When  forces  are  represented  in  two  separate 
diagrams,  it  is  convenient  to  use  a  special  notation,  namely:  a 
capital  letter  at  each  end  of  the  line  representing  the  magnitude 
of  the  force,  and  the  same  small  letters  on  opposite  sides  of  the 
line  representing  the  action  line  of  the  force  (see  Fig.  2).  When 
we  wish  to  refer  to  a  force,  we  shall  state  the  capital  letters  used 
in  the  notation  of  that  force;  thus  << force  AB**  mesns  the  force 
whose  magnitude,  action  line,  and  sense  are  represented  by  the 
lines  AB  and  ab. 

In  the  algebraic  work  wo  shall  usually  denote  a  force  by  the 
fatter  F. 

4*    Scales.     In  this  8u]>ject,  soalt*.'^  will  always  be  ex  pressed 
in  feet  or  |M>und8  to  an  inch,  or  thus,  1  inch  =  -  10  ft^^t,  1  inch  - 
100  |iounds,  etc.      The  nninlH»r  of  f«M't  or  jM>iin(i8  reprt»HenttHl  ]»y 
one  inch  on  the  drawing  in  cHlhMi  tlie  sr,f!t)  mttnh*  r. 

Tojiiul  tht*  h  nijth  nf  th**  Inui  to  r* pn  Mttit  a  r,rf*iln  tliHttntrt* 
§T  fffrcf^  iISv!fl6  th**  tliMftinrt'  or  f^trtr  hy  th**.  n*iih'  nuinh,  r;  thr 
fUoUmU  is  th4  Ungth  to  be  laid  off  in  the  Jniwirnj,      To  Jind  ths 
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magnitude  of  a  distance  or  a  force  represented  hy  a  eertain  Une 
in  a  drawing^  rmdtiply  the  length  of  the  Une  hy  the  scale  nwrn- 
her;  the  product  is  the  magnitude  of  the  distance  or  forces  as  the 
case  may  he. 

The  scale  to  be  used  in  making  drawings  depends,  of  coursei 
upon  how  large  the  drawing  is  to  be,  and  upon  the  size  of  the 
quantities  which  must  be  represented.  In  any  case,  it  is  con- 
venient  to  select  the  scale  number  so  that  the  quotients  obtained 
by  dividing  the  quantities  to  be  represented  may  be  easily  laid  off 
by  means  of  the  divided  scale  which  is  at  hand. 

Examples.  1.  If  one  has  a  scale  divided  into  32nds,  what 
is  the  convenient  scale  for  representing  40  pounds,  32  pounds,  56 
pounds,  and  70  pounds  ? 

According  to  the  scale,  1  inch  =:  32  pounds,  the  lengths 
representing  the  forces  are  respectively  : 

40      ,,     32       ,     56      ,^     70      ^      .    , 
32  =  ^^'*  32=^'-32  =  ^i'   32  =  ^^*'^^^^«- 

Since  all  of  these  distances  can  be  easily  laid  off  by  means  of  the 
"  sixteenths  scale,"  1  inch  =  32  pounds  is  convenient. 

2.  What  are  the  forces  represented  by  three  lines,  1.20,  2.11, 
and  0.75  inches  long,  the  scale  being  1  inch  ==  200  pounds  ? 

According  to  the  rule  given  in  the  foregoing,  we  multiply 
each  of  the  lengths  by  200,  thus  : 

1.20  X  200  =  240  pounds. 
2.11  X  200  =  422  pounds. 
0.75  X  200  =  150  pounds. 

EXAMPLES  FOR  PRACTICE. 

1.  To  a  scale  of  1  inch  ^=  500  pounds,  how  long  are  the 
lines  to  represent  forces  of  1,250,  675,  and  900  pounds  ? 

Ans.    2.5, 1.35,  and  1.8  inches 

2.  To  a  scale  of  1  inch  =  SO  pounds,  how  large  are  the 
forces  represented  by  1^  and  1.0  inches  ? 

Ans.  100  and  128  pounds. 

5.  Concurrent  and  Non -concurrent  Forces.  If  the  lines  of 
action  of  several  forces  intersect  in  a  point  they  are  called  concur- 
rent forces,  or  a  concurrent  system,  and  the  point  of  intersection 


132 


STATICS  7 

IB  called  the  j>otnt  of  conctirren^^e  ot  the  forces.  If  the  lines  of 
action  of  several  forces  do  not  intersect  in  the  same  point,  they  are 
called  DOD-concurrent,  or  a  non -concurrent  system. 

We  ahall  deal  only  with  forces  whose  lines  of  action  lie  in  the 
tame  plane.  It  is  true  that  one  niei'ts  with  problems  in  which 
there  are  forces  whose  lines  of  action  do  not  lie  in  a  plane,  but 
such  problems  can  usually  be  solved  by  means  of  the  principles 
herein  explained. 

6.  Equilibrium  and  Equiiibrant.  When  a  number  of  forces 
act  upon  a  body  which  is  at  rest,  each  tends  to  move  it ;  but  the 
effects  of  all  the  forces  acting  upon  that  body  may  counteract  or 
oeutralize  one  another,  and  the  forces  are  said  to  be  balanced  or  in 
€quil%briutn.  Any  one  of  the  forces  of  a  system  in  equilibrium 
balances  all  the  others.  A  single  force  which  balances  a  number 
of  forces  is  called  the  equilihratit  of  those  forces. 

7.  Resultant  and  Composition.  Any  force  which  would  pro- 
duce the  same  effect  ^so  far  as  balancing  other  forces  is  concerned)  as 
that  of  any  system,  is  called  the  reftuftant  of  that  system.  Evidently 
the  resultant  and  the  e(juilibrant  of  a  system  of  forces  must  be 
equal  in  magnitude,  op|K>8ite  in  senst*,  and  act  along  the  same  line. 

The  process  of  determining  the  resultant  of  a  system  of  forces 
b  called  composition. 

8.  Components  and  Resolution.  Any  number  of  forces 
whose  combined  effect  \a  the  same  as  that  of  a  single  force  are 
called  eomjofients  of  that  force.  Tlie  process  of  determining  the 
components  of  a  force  is  called  resolution.  The  most  important 
case  of  this  is  the  resolution  of  a  force  into  two  components. 

n.    CONCURRBST  FORCES ;  COMPOSITION  AND  RESOLUTION. 

9.  Graphical  Composition  of  Two  Concurrent  Forces.     If 

twofftrceMarereprenented  in  ma^/ntfude  and  iUrertlon  hy  AB 
and  BC  (Fig*  3),  the  vuujnitude  and  dlrertum  oftht^ir  rtttuUant 
U  represented  by  AC.     Tliis  is  known  as  the  •*  triangle  law." 

Ths  line  of  art  I  on  of  the  if  su  ft  tint  i^  jxininel  to  AC  and 
paetee  through  the  2>oint  if  concurrf  nee  of  the  two  given  forcee\ 
thus  the  line  of  action  of  the  resultant  is  ac 

The  law  can  be  proved  experimentally  by  means  of  two  spring 
balaoeas,  a  drawing  board,  and  a  few  cords  arranged  as  shown  in 
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Fig.  4.  The  drawing  board  (not  shown)  is  set  up  vertically,  then 
from  two  nails  in  it  the  spring  balances  are  hung,  and  these  in 
turn  support  by  means  of  two  cords  a  small  ring  A  from  which  a 
heavy  body  (not  shown)  is  suspended.  The  ring  A  is  in  equilibrium 
under  the  action  of  three  forces,  a  downward  force  equal  to  the 


(^) 


(b) 


Pig.  3. 


weight  of  the  suspended  body,  and  two  forces  exerted  by  the  upper 
cords  whose  values  or  magnitudes  can  be  read  from  the  spring 
balances.  The  first  force  is  the  equilibrant  of  the  other  two. 
Knowing  the  weight  of  the  suspended  body  and  the  readings  of 
the  balances,  lay  off  AB  equal  to  the  pull  of  the  right-hand  npper 
string  according  to  some  convenient  scale,  and  BC  parallel  to  the 


Pig.  4, 

left-band  upper  string  and  equal  to  the  force  exerted  by  it.  It 
will  then  be  found  that  the  line  joining  A  and  C  is  vertical,  and 
equals  (by  scale)  the  weight  of  the  suspended  body.  Hence  AC, 
with  arrowhead  pointing  down,  represents  the  equilibrant  of  the 
two  upward  pulls  on  the  rino;;  and  with  arrowhead  pointing  up,  it 
represents  the  resultant  of  those  two  forces. 
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Notice  fspedklly  how  thv>  arrowlieads  are  rflatfd  in  tlie  tri- 
uif;I<>(Fig.  3),  and  be  certain  tbat  }'ou  tintleratanit  tliia  lav,  IWore 
proc«eding  htTy  as  It  ia  ttie  bania  of  must  of  this  aiihject. 

Kxamjilft.    Fig.  5  represeiitD  a  board  ;1  ftwt  H([uaro  to  which 
forcM  areapplivd  as  shown.     It 
is  rvi|aired  to  compound  or  find 
the  ivsulUiituf  the  KM),  and  SO- 
pound  forcfs. 

First  wr  make  a  drawing  of 
the  board  and  mark  upon  it  the 
liiifs  of  action  of  the  two  forces 
ithoM)  rvHultaut  it)  to  Iw  found, as 
ID  Fig.  t).  Then  bjaonioeonven- 
ieut  sc-ale,  as  100  pounds  to  the 
inch,  layoff  from  any  convenient 
point  A,  a  line  Afi  in  tlie  direc* 
tion  of  the  10l)-poiind  force,  and  make  Alt  one  ineh  long,  repre- 
senting lOU  pounds  by  the  B<'Hle.  Tlieii  from  li  lay  off  a  line  ItC 
ID  the  dirvction  of  tlie  second  foree  and  make  D(',  0.>S  of  an  inch 


t 

Solte 

^y 

toUa 

\ 

/ 

XtA. 

7 

\ 

r/^ 

-* 

^ 

^ 

^ 

« 

A 

B 

Oolfce. 

Pilt.  5. 


>>olba. 


Sce.1c^  llnptoolba. 


long,  r»-pre«entingSlt[Kinniisl.v  liie  wiile.  Th.-ii  tli.-liu,'  At",  with 
the  arniw  jxiinling  _/>.'*»  .1  (•>  <',  r.'pr.'<.Tii-  tlr.-  ij.!ii.'i.iiu.l.-  iiti'i 
JirtH'tion  of  the  renuitaiil,  Shu-e  .\('  eipuils  l.ni;  i,i(.|,,  t),,.  n-Milt 
aot  MjuaU 

I.IH'.     •      KKI        ,  Ml-.poiiK.i-. 

Ib»liD«  of  action  of  the  n-Hnh»nt  is./-.  ]...ntll.'l  t.>  AC  nn  1  {..-lss 
lag  tfarnogh  the  interM-i-titm  of  tlie  liii'-s  of  miioii  nix*  ]N>int  of 
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concurrence)  of  the  given  forces.     To  complete  the  notation,  we 
mark  these  lines  of  action  ah  and  ho  as  in  the  figure. 

EXAMPLES  FOR  PRACTlCa* 

1.  Determine  the  resultant  of  the  100-  and  the  120.pound 
forces  represented  in  Fig.  5. 

iThe  magnitude  is  188  pounds;  the  force 
acts  upward  through  A  and  a  point  1.62 
feet  to  the  right  of  D. 

2.  Determine  the  resultant  of  the  120-  and  the  160-pound 
forces  represented  in  Fig.  5. 

iThe  magnitude  is  200  pounds;  the  force 
acts  upward  through  A  and  a  point  9 
inches  below  C. 

lo.    Algebraic  Composition  of  Two  Concurrent  Forces.      If 

the  angle  between  the  lines  of  action  of  the  two  forces  is  not  90 

degrees,  the  algebraic  method  is 
not  simple,  and  the  graphical  is 
usually  preferable.     If  the  angle 


(b) 


Pig.  7. 


is  90  degrees,  the  algebraic  meth- 
■—^  od  is  usually  the  shorter,  and  this 

is  the  only  case  herein  explained. 
Let  Fj  and  F2  be  two  forces 

acting  through  some  point  of  a 
body  as  represented  in  Fig.  la.  AB  and  BO  represent  the  magni- 
tudes and  direction  of  Fj  and  F2  respectively;  then,  according  to 
the  triangle  law  (Art.  9),  AO  represents  the  magnitude  and  direc- 
tion of  the  resultant  of  F^  and  Fj,  and  the  line  marked  R  (parallel 
to  AC)  is  the  line  of  action  of  that  resultant.  Since  ABO  is  a 
right  triangle, 


(AO)»  =  (AB)'+(BO)» 


and, 


tan  0  AB  = 


BO 
AB' 


*  Use  sheets  of  paper  not  smaller  than  large  letter  size,  and  deTote  a  fuU 
sheet  to  each  example.  In  reading  the  answers  to  these  examples,  remember 
that  the  board  on  which  the  forces  act  was  stated  to  be  3  feet  square. 


ide 
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Now  let  R  denote  the  reeoltant.    Since  AC,  AB,  and  BO 
R,  F|,  and  Ft  respectively,  and  angle  CAB  =  m^ 

R«  =  Fi«  +  F,«;orR=  \/l\*  +  F/; 
mi,  tan  »  ==  F,  -I-  F|. 

By  the  help  of  theee  two  equations  we  compate  the  magni- 
mde  of  the  leanltant  and  inclination  of  ita  line  of  action  to  the 
MPoe  F|« 

Example.  It  is  required  to  dotermine  the  resultant  of  the 
190-  and  the  160-pound  forces  represented  in  Fig.  5. 

Let  na  call  the  160-pound  force  F|;  then, 

R  =  1/160* +  120«=  |/25,600  +  14,400 
=  1^40,000  =  200  pounds; 

120 

Md,       \anm  =  ^^l\  hence  x  --=  8G'  52'. 

The  reanltant  therefore  is  200  {)oun(ls  in  magnitude,  acts  throng 
A  (Fig.  6)  upward  and  to  the  right,  making  an  angle  of  86*  62* 
widi  the  horixontaL 

EXAMPLES  FOR  PRACTICE. 

1«  Determine  the  rt*suItHnt  of  the  50.  and  70.|)ound  foreea 
lepraseoted  in  Fig.  5. 

r  R  ==  86  ])Ounds; 

(  angle  bt*twe4*n  U  uihI  7()-|)ound  force  :=  So**  82*. 
2.     Detennine  the  resultant  of  tlie  ()()-  and  TO-pound  foroea 
leyiesented  in  Fig  5. 

f  U  =  02.2  ]M)un<ls  ; 

J  angle  iK^twmi  U  and  7().|)ound  force  =^-  40^  36'. 

II.  ff^orcc  Polyicon.  If  lines  rrprrstMiting  tlm  inagnitudee 
ind  directions  of  any  nuinlNT  of  fnn*«>s  l>t«  drawn  mntinuous  and 
•O  that  the  arntwlH'atl.H  on  tho  lines  |ioiiit  tlio  h.'iim*  way  around  on 
heN*rii*s  of  lines,  the  ii^^nn*  j^o  fnriniMl  is  rallr«l  {]ui  f*"/'fi  j'"^t/jon 
tor  the  fiinvs.  Tlius  AIU'H  (  I'ii^.  ^)  x--  a  feint*  |»olvi;on  for  the 
SO-,  lH)-,and  l<>0.jM)niid  f.ures  (»f  Vl^z,  ."»,  for  Alt,  ]U\  and  C'Dn^p- 
fMent  the  magnitudes  and  din-etions  of  thi»t*  forees  res|NVtividj, 
i^d  the  anowheada  point  in  tho  bamo  way  around,  from  A  to  D« 
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A  number  of  force  polygons  can  be  drawn  for  any  system  of 
forces,  no  two  alike.  Thus  Ai  Bi  Ci  D^  and  A^  B,  C,  D,  are  other 
force  polygons  for  the  same  three  forces,  80,  90,  and  100  pounds. 
Notice  that  A,  B,  C,  D,  is  not  a  force  polygon  for  the  three  forces 
although  the  lines  represent  the  three  forces  in  magnitude  and 
direction.  The  reason  why  it  is  not  a  force  polygon  is  that  the 
arrowheads  do  not  all  point  the  same  way  around. 


^"^ 

f 

^^Xi^lbe. 

fSoTtoa. 

.^t^^        vr^^''^\aoib*. 

jioVat. 

^yaolbe. 

jy^-^olto.    B,^lb».    Xp. 

Nsolbs. 

/goib^           /don». 

\k            ^ 

^ 

^«                 v\. 

Fig.  8. 

A  force  polygon  is  not  necessarily  a  closed  figure.  If  a  force 
polygon  closes  for  a  system  of  concurrent  forces,  then  evidently 
the  resultant  equals  zero. 

EXA/VIPLB  FOR  PRACTICB. 

Draw  to  the  same  scale  as  many  different  force  polygons  as 
you  can  for  the  100-,  120-  and  160-pound  forces  of  Fig.  5.  Bear 
in  mind  that  the  arrowheads  on  a  force  polygon  point  the  same 
way  around. 

13.  Composition  of  More  Than  Two  Concurrent  Forces.  The 
graphical  is  much  the  simpler  method;  therefore  the  algebraic  one 
will  not  be  explained.  The  following  is  a  rule  for  performing  the 
composition  graphically: 

(1).     Draw  a  force  polygon  for  the  given  forces. 

(2).  Join  the  two  ends  of  the  polygon  and  place  an  arrow- 
head on  the  joining  line  pointing  from  the  beginning  to  the  end 
of  the  polygon.  That  line  then  represents  the  magnitude  and 
direction  of  the  resultant. 

(3).  Draw  a  line  through  the  point  of  concurrence  of  the 
given  forces  parallel  to  the  line  drawn  as  directed  in  (2).  This  line 
represents  the  action  line  of  the  resultant. 

Example,  It  is  required  to  determine  the  resultant  of  the 
four  forces  acting  through  the  point  E  (Fig.  5). 
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First,  make  a  drawing  of  tho  board  and  indicate  the  lines  of 
action  of  the  forces  as  shown  in  Fig.  *J,  but  without  lettering. 
Then  to  construct  a  force  polygi)n,  draw  from  any  convenient  point 
A,  a  line  in  the  direction  of  one  of  the  forces  (the  70-|)ound  force), 
and  make  AB  e<jual  to  70  jK)und3  according  to  the  scale  (70  :- 
100  =  0.7  inchj.  Then  froin  15  dniw  a  lino  in  the  direction  of 
the  nfxt  force  (SO-pound).  and  make  lU^  tMjual  to  0.8  inch,  rep- 
resenting ^0  |>ound8.  Next  draw  a  line  from  G  in  the  direction 
of  the  third  force  (UO-pound),  and  make  CI)  ecjual  to  0.0  inch, 
representing  00  pounds.  P^inally  draw  a  line  from  I)  in  the  direc. 
tion  of  the  last  force,  and  make  I)Ke(|ual  to(K<)  inch,  representing 
60  |K>unds.  Tlie  force  jiolygon  is  ABODE,  K*ginning  at  A  and 
ending  at  £. 

Tlie  second  step  is  to  connect  A  and  K  and  phu'e  an  arrow- 
head  on  the   line  {K)inting    from   A    to  K.     This    represents  the 


^linrloolba. 


Fig.  Q. 

ma^itude    an<l   dinM»tion  of    llit*    resultant.      Since    AK  -=  1.10 
indues,  tlu«  ^•^ultant  is  a  force  of 

l.ir,  V   KM)        IV\  |M)und8. 

Tlie  thinl  htep  is  to  draw  a  lint*  */'»  through  the  |)oint  of  con- 
carrence  and  luiralK*!  to  AK.  Tliis  is  tho  line  of  action  of  the 
resultant.  (To  comph  U^  the  notation  tho  lin<*s  of  artitui  of  tho  70-, 
ftO.,  00.  and  OO-pound  forces  should  1>e  marktHl  */^/,  ///*,  rv/,  and  </<• 
FWpeclively.^ 

Tliat  tin*  rule  for  com|K)8iti(m  is  cornn-t  can  easily  Iw  proved. 
According  to  tho  triangle  law,  A(/  (  Kig.  Ih,  with  arrowlu*n<l  jM)int- 
lAg  from  A  to  (',  repreaenta  the  magnitude  and  direction  of  the 


14 


STATICS 


resultant  of  the  70-  and  SO-pound  forces.  According  to  the  law, 
AD,  with  arrowhead  pointing  from  A  to  D,  represents  the  magni- 
tilde  and  direction  of  the  resultant  of  AC  and  the  OO-pound  force, 
hence  also  of  the  70-,  80-,  and  90-pound  forces.  According  to  the 
law,  AE  with  arrowhead  pointing  from  A  to  E,  represents  the 
magnitude  and  direction  of  the  resultant  of  AD  and  the  60-pound 
force.  Thus  we  see  that  the  foregoing  rule  and  the  triangle  law 
lead  to  the  same  result,  but  the  application  of  the  rule  is  shorter  as 
in  it  we  do  not  need  the  lioea  AC  and  AD. 

EXAMPLES  FOR  PRACTICE. 

1.     Determine  the  resultant  of  the  four  forces  acting  through 
the  point  A  (Fig.  5). 

(  380  pounds  acting  upward  through  A  and  a 
*  (  point  0.45  feet  below  C. 


loolbe. 


/    \ 
/       ^ 


\      SoaJC4iln^loolto&. 


Ans. 


Fig.  10. 

2.  Determine  the  resultant  of  the  three  forces  acting  at  the 
point  F  (Fig.  5). 

(  155  pounds  acting  upward  through  F  and  a 
*  (  point  0.57  feet  to  left  of  C. 

13.  Qraphical  Resolution  of  Force  into  Two  Concurrent 
Components.  This  is  performed  by  applying  the  triangle  law 
inversely.  Thus,  if  it  is  required  to  resolve  the  100-pound  force 
of  Fig.  5  into  two  components,  we  draw  first  Fig.  10  (a)  to  show 
the  line  of  action  of  the  force,  and  then  AB,  Fig.  10  (b),  to  represent 
the  magnitude  and  direction.  Then  draw  from  A  and  B  any  two 
lines  which  intersect,  mark  their  intersection  C,  and  place  arrow- 
heads on  AC  and  CB,  pointing  from  A  to  C  and  from  C  to  B.  Also 
draw  two  lines  in  the  space  diagram  parallel  to  AC  and  CB  and  so 
that  they  intersect  on  the  line  of  action  of  the  100-pound  forcoi  ab. 
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The  test  of  the  correctness  of  a  solation  like  this  is  to  take 
the  two  components  as  found,  and  find  their  resultant;  if  the 
resultant  thus  found  agrees  in  magnitude,  direction,  and  sense 
with  the  given  force  (originally  resolved),  the  solution  is  correct. 

Notice  that  the  solution  above  given  is  not  definite,  for  the 
lines  drawn  from  A  and  B  were  drawn  at  random.  A  force  may 
therefore  be  resolved  into  two  components  in  many  ways.  If, 
however,  the  components  have  to  satisfy  conditions,  there  may  be 
but  one  solution.  In  the  most  important  case  of  resolution,  the 
lines  of  action  of  the  components  are  given;  this  case  is  definite, 
there  being  but  one  solution,  as  is  shown  in  the  following  example. 

Example.  It  is  required  to  resolve  the  lOO-pound  foroe 
(Fig.  5)  into  two  components  acting  in  the  lines  AE  and  AB. 

Using  the  space  diagram  of  Fig.  10,  draw  a  line  AB  in  Fig. 
10  (c)  to  represent  the  magnitude  and  direction  of  the  lOO-pound 
force,  and  then  a  line  from  A  parallel  to  the  line  of  action  of 
either  of  the  components,  and  a  line  from  B  parallel  to  the  other, 
thus  locating  D  (or  D).  Tht*n  AD  and  DB  (or  AD' and  D'B)repre. 
sent  the  magnitudes  and  directions  of  the  required  components. 

EXAMPLES  FOR  PRACTICE. 

1.  Resolve  the  lOO-pound  force  of  Fig.  5  into  components 
which  act  in  A F  and  AE. 

iTlie  fintt  component  equals  23>^^  pounds,  and  its  sense 
is  from  A  to  F;  the  second  C(»iiijH)nent  e<]ual8  119 J 
pcmnds,  and  its  w^nse  is  from  E  to  A. 

2.  Resolve  the  5(>- pound  force  of  Fig.  5  [into  two  compo- 
oeots,  acting  in  FA  and  FH. 

iXhe  first  con)|K)nt*nt  oqiialn  i{7.3  |x)undd,  and  its  sense 
is  from  A  to  F;  the  second  com])onent  e(]uals  47.0 
pounds,  and  its  8t*nso  is  froni  B  to  Y. 
14.  Al^braic  Resolution  of  a  Forc«  into  Two  Components* 
If  the  angle  lH*twtH*n  the  liiifs  of  action  of  the  two  con)[K>nonts  is 
not  90  degrees,  the  algi*l)r:iic  mrthtnl  is  not  simple  and  the 
graphical  method  is  usually  pn*fiT:il)le.  Wh(*n  the  angle  is  00 
degrees,  the  algi^hraic  method  i^  usually  the  nhortt^r,  and  this  is  the 
ooly  case  herein  explaintnl. 

Lei  F  (Fig.  11)  be  the  force  to  be  n^solved  into  two  compo- 
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nents  acting  in  the  lines  OX  and  OY.  If  AB  is  drawn  to  repre- 
sent the  magnitude  and  direction  of  F,  and  lines  be  drawn  from 
A  and  B  parallel  to  OX  and  OY,  thus  locating  C,  then  AC  and 
BC  with  arrowheads  as  shown  represent  the  magnitudes  and 
directions  of  the  required  components. 

Now  if  F'  and  F"  represent  tho  compjnents  acting  in  OX 
and  OY,  and  x  and  y  denote  the  angles  between  F  and  F',  and  F 
and  F"  respectively,  then  AC  and  BC  represent  F'  and  F",  and  the 
angles  BAC  and  ABC  equal  rr  and  y  respectively.  From  the 
right  triangle  ABC  it  follows  that 

F'  =  F  cos  jr,     and  F"  =  F  cos  y. 

If  a  force  is  resolved  into  two   components  whose   lines  of 

action  are  at  right  angles  to 
*•>.  each  other,  each  is  called  a 

1  3     rectangular  component  of 

V      F  ^...x^     that  force.    Thus  F' and  F" 

^Jy^^  ^^^^'^         I     are  rectangular  components 

A^r'jg'      A^^~^ — ^  ofF. 

pj     j^  The  foregoing  equations 

show  that  the  rectangula/r 
oomponent  of  a  force  along  any  line  equals  the  product  of  the 
force  amd  the  cosine  of  the  anyle  between  the  force  and  ths  line. 
They  show  also  that  the  reciangular  component  of  a  force  along 
its  own  line  of  action  equals  the  force^  and  its  rectangular  com- 
ponent at  right  angles  to  the  line  of  action  equals  zero. 

Examples.  1.  A  force  of  120  pounds  makes  an  angle  of 
22  degrees  with  the  horizontal.  What  is  the  value  of  its  compo- 
nent along  the  horizontal  ?  * 

Since  cos  22°  =  0.027,  the  value  of  tlu^  component  equals 
120  X  0.927  =  111.24  pounds. 

2.  What  is  the  value  of  the  component  of  the  90-poand 
force  of  Fig.  5  along  the  vertical  ? 

First  we  must  find  the  value  of  the  angle  which  the  90-poand 
force  of  Fig.  5  makes  with  the  vertical. 


*  When  nothing  is  stated  herein  as  to  whether  a  component  is 
gular  or  not,  then  rectangular  component  is  meant. 
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Since  tan  EA(;         J^^,       A,  angle  KMi       26   34'. 

Hence  the  value  of  the  desired  eom|H)nent  e(|inil8 

90  X  cos  2(P  34'  --  90  X  0.s\)U        SO.oO  piunda. 

EXAMPLES  FOR   PRACTICE. 

1.  Compute  the  horizontal  and  vertical  components  of  a 
force  of  80  pounds  whose  angle  witli  the  horizontal  is  i)0  degrees 

{  iO  pounds. 
^"®-    I  r,0.2S  pounds. 

2.  Compute  the  horizontal  and  vertical  com()onent8  of  the 
100. pound  force  in  Fig.  5.      What  are  their  nenscs  i 

j  S'^44  pounds  to  the  right. 
(  44.72  pounds  upwards. 

3.  Compute  the  comj)onent  of  the  70-j)ound  force  in  Fig.  5 
along  the  line  KA.     What  is  the  sense  of  the  com|>onent  ? 

Alls.     31.  2t)  pounds  ;  K  to  A. 

III.     CONCURRENT  FORCES  IN   EQUILIBRIUM. 

15.  Condition  of  E<|uilibrium  Defined.  By  condition  of 
equilibrium  of  a  system  of  forces  is  meant  a  relation  which  they 
must  fulfill  in  onler  that  they  may  Ih^  in  e<iui]il)rium  or  a  relation 
which  they  fulfill  when  they  are  in  e(juilibrium. 

In  onler  that  any  system  may  l>e  in  (Mjuilibrium,  or  be 
balanced,  their  e<}ui1il)nint,  and  hence  their  resultant,  must  be 
z«*ro,  and  this  is  a  condition  of  e<pii1il)rium.  If  a  system  is  known 
to  1)6  in  equilibrium,  then,  hi  nee  tlio  forces  l)alance  among  them- 
selves, their  eqnili!»rant  and  hfiice  tlieir  resultant  also  iMpials  xt»ro. 
riiis  (the  nt*ivssity  of  a  zen»  rr>nltant)  is  known  as  the  gtmeral 
condition  of  e<}uilibrium  for  it  jMTtains  to  all  kintls  of  foR*o  sys- 
tems. For  spiH^ial  kinds  of  systems  there  are  sjiecial  conditioot, 
•ome  of  which  are  explained  in  the  fttllowing. 

i'>.     (iraphical  Condition  ot  i.quilibrium.      77**   ^^  t/n/j'/tt'rttl 

thai  the  polygon  for  the  forces  vuint  clone.     For  if  the  {tolygcui 

elotety  then  tbe  resultant  (Hjuals  zero  as  was  pointtnl  out  in  Art  11. 

By  means  of  this  condition  we  can  solve  problems  relating  to 
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ooncnrrent  forces  which  are  known  to  be  in  equilibrium.  IRie 
most  common  and  practically  important  of  these  is  the  following: 
The  forces  of  a  concurrent  system  in  equilibrium  are  all 
known  except  two,  but  the  lines  of  action  of  these  two  are  known; 
it  is  required  to  determine  their  magnitudes  and  directions.  This 
problem  arises  again  and  again  in  the  '^  analysis  of  trusses  '*  (Arts. 
28  to  26)  bat  will  be  illustrated  first  in  simpler  cases. 

Example.  1.  Fig.  12  represents  a  body  resting  on  an  in- 
clined plane  being  prevented  from  slipping  down  by  a  rope 
fastened  to  it  as  shown.  It  is  required  to  determine  the  pull  or 
tension  on  the  rope  and  the  pressure   of  the  plane  if  the  body 

weighs  120  pounds  and  the 
surface  of  the  plane  is  per- 
fectly smooth.* 

There  are  three  forces  act- 
ing upon  the  body,  namely, 
its  weight  directly  down- 
wards, the  pull  of  the  rope 
and  the  reaction  or  pressure 
of  the  plane  which,  as  ex 
plained  in  the  footnote,  is  perpendicular  to  the  plane.  We  now 
draw  the  polygon  for  these  forces  making  it  close;  thus  draw  AB 
(1.2  inches  long)  to  represent  the  magnitude  and  direction  of  the 
weight,  120  pounds,  then  from  A  a  line  parallel  to  either  one  of 
the  other  forces,  from  B  a  line  parallel  to  the  third,  and  mark  the 
intersection  of  these  two  lines  C;  then  ABC  A  is  the  polygon.  Since 
the  arrowhead  on  AB  must  point  down  and  since  the  arrowheads 
in  any  force  polygon  must  point  the  same  way  around,  those  on 
BO  and  CA  must  point  as  shown. 

Hence  BC  (0.6  inch,  or  60  pounds)  represents  the  magnitude 
and  direction  of  the  pull  of  the  rope  and  CA  (1.04  inches,  or  104 

*  By  •*  a  perfectly  smooth  "  surface  is  meant  one  which  oflPers  no  resist- 
ance to  the  sliding  of  a  body  upon  it.  Strictly,  there  are  no  such  surfaces,  as 
all  real  surfaces  exert  more  or  less  frictional  resistance.  But  there  are  sur- 
faces which  are  practically  perfectly  smooth.  We  use  perfectly  smooth  sur- 
faces in  some  of  our  illustrations  and  examples  for  the  sake  of  simplicity,  for 
we  thus  avoid  the  force  of  friction,  and  the  reaction  or  force  exerted  by  such 
a  surface  on  a  body  resting  upon  it  is  perpendicular  to  the  surface. 
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poondB)  repreflents  the  magnitude  and  direction  of  the  pressure  of 
the  plane  on  the  body. 

2.  A  body  weighing  2(X)  pounds  is  suspended  from  a  small 
ring  which  is  supported  by  moans  of  two  ropes  as  shown  in  Fig. 
13.     It  is  required  to  determine  the  pulls  on  the  two  ropes. 

There  are  three  forces  acting  on  the  ring,  namely  the  down- 
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FiK.  13. 

ward  force  equal  to  the  weight  of  the  Ixxiy  and  the  pulls  of  the 
two  ropes.  Since  the  ring  is  at  rest,  the  thrt*e  forces  balance  or 
are  in  e(juiHbrium,and  hence  their  force  jK)lygon  must  close.  We 
proceed  to  draw  the  |H)lyg()n  and  in  imiking  it 
close,  we  shall  determine  the  values  <»f  the  un- 
known pulls.  Tlius,  first  draw  AB  ( I  inch  long) 
to  represent  the  magnitude  and  (linnuion  of  the 
known  force,  20()  p)un(ls;  tin*  arruwht^mi  un  it 
must  point  down.  Then  from  A  a  11  nt^  parallel 
to  one  of  the  ro|)edand  from  H  a  line  piinillcl  to 
the  other  and  mark  tluMT  in  itTstH't  ion  (\  AIUW 
is  the  j)olygon  for  the  threo  f(»n*«\^,  and  sinci'  in  any  fon*e  ]»olygon 
the  arn)ws  point  tlu^  sann*  way  an>un(i,  wo  placo  arrowheads  on 
BC  and  C A  as  shown.  Thrn  UCantiCA  rt'pn»si*nt  the  magnitudes 
and  dirtvtions  of  the  pulU  r.\«Ttt*<l  on  tlu»  rinj^  by  the  right-  and 
left-hand  ro|ws  re8|HH'tivr]v. 

BC        O.S'K")  inchfH  and  n-prfsmts  17t*  iM)und0. 
C\        ().7*jr>  inches  and  rrpn'S«*nt.^  1  |."»  |H>un«lrt. 

The  dinH'lions  of  the  pulls  an*  fvi<h'nt  in  this  cast*  and  the  arrow- 
are  Bujierlluous,  but  they  aro    mentioned   to  show  how   to 
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place  them  and  what  they  mean  so  that  they  may  be  used  when 
necessary.  To  complete  the  notation,  the  rope  at  the  right  should 
be  marked  he  and  the  other  ca, 

EXAHPLES  FOR   PRACTICE. 

1.  Fig.  14  represents  a  body  weighing  800  pounds  sus- 
pended from  a  ring  which  is  supported  by  two  ropes  as  shown. 
Compute  the  pulls  on  the  ropes. 

.        (  Pull  in  the  horizontal  rope  =  400  pounds. 
*  (  Pull  in  the  inclined  rope  =  894  pounds. 

2.  Suppose  that  in  Fig.  12  the  rope  supporting  the  body  on 

the  plane  is  so  fastened  that  it  is  horizontal.      Determine  the  pull 

on  the  rope  and  the  pressure  on  the  plane  if  the  inclination  of  the 

plane  to  the  horizontal  is  30  degrees  and  the  body  weighs  120 

pounds. 

^^g  I  Pull  =  68.7  pounds. 

(  Pressure  =  138  pounds. 

3.  A  sphere  weighing  400  pounds  rests  in  a  V-shaped 
trough,  the  sides  of  which  are  inclined  at  60  degrees  with  the 
horizontal.     Compute  the  pressures  on  the  sphere. 

Ans.     400  pounds. 

17.  Als^ebraic  Conditions  of  Equilibrium.  Imagine  each 
one  of  the  forces  of  a  concurrent  system  in  equilibrium  replaced  by 
its  components  along  two  lines  at  right  angles  to  each  other, 
horizontal  and  vertical  for  example,  through  the  point  of  concur- 
rence. Evidently  the  system  of  components  would  also  be  in 
equilibrium.  Now  since  the  components  act  along  one  of  two 
lines  (horizontal  or  vertical),  all  the  components  along  each  line 
must  balance  among  themselves  for  if  either  set  of  components 
were  not  balanced,  the  body  would  be  moved  along  that  line. 
Hence  we  state  that  the  conditions  of  equilibrium  of  a  system  of 
concurrent  forces  are  that  the  resultants  of  the  two  sets  of  com- 
ponents of  the  forces  along  any  two  lines  at  right  angles  to  each 
other  must  equal  zero. 

If  the  components  acting  in  the  same  direction  alon<^  either  of 
the  two  lines  be  given  the  plus  sign  and  those  acting  in  the  other 
direction,  the  negative  sign,  then  it  follows  from  the  foregoing 
that  the  condition  of  equilibrium  for  a  concurrent  system  is  that 
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the  algebrair  sums  of  the  rompofunts  <tf  the  forces  ahnnj  <ach  oj 
two  lines  at  right  ttn^jhs  to  tarh  other  tnust  eqwil  zero. 

Examples,  1.  It  is  HMjiiirtnl  to  detenu i no  tho  pull  on  the 
roj)e  and  the  pressure  on  the  plane  in  Example  1,  Art.  1<>  (I'ig*  12)» 
it  bein*^  given  that  the  inclination  of  the  plane  to  the  horizontal  is 
80  degn*e8. 

Let  us  denote  the  pull  of  tlu»  rope  l)y  \\  and  the  pressure  of 
the  plane  by  Fj.  The  angles  which  these  forces  make  with  the 
horizontal  are  30**  and  (W)®,  respectively;  hence 

the  horizontal  coni|K)r.ent  of  I\     -  \\   <  ros  30'     =  O.stJOO  Fj, 

and    •*  **  *<  *'  Fo  ---■  F,   X  cos  (iO^  :  r  0.5000  F^; 

also    **  *'  '»  »*    the  wt»ight     -  0. 

The  angles  which  Fj  and  F,  make  with  the  vertical  are  GO^  and 
30^  respectively,  hence 

the  vertical  component  of  F,  =  \\  X  cos  «0^  =  0.5000  Fj, 
and  the  vertical  com|>onent  of  \\  -  F,  X  cos  3(r  -  0.S660  Fj; 
also  the  vertical  component  of  the  weight    -  120. 

Since  the  three  forct^s  are  in  e^piilibriuni,  the  horizontal  and  the 
vertical  components  are  balancinl,  and  hence 

O.srw')  Fi  :  :  0.5  F, 
and  0.5  F,  +  0,sm  \\_     '■  120. 

From  these  two  tspiations  F,  and  1%  may  l)edetermine<l;  that 
from  the  first, 

O.sr,*;  , 
r,   -    (>-      '  I      A-^'^-  *!• 

Sabatitnting  this  value  of  Fa  in  tho  stH'ond  tnjuation  w««  have 

0.6  F,  +  0.sr,*5    .    1.732  F,  -.  120, 

or  2  F,       120; 

.  ,         120 

hence,  F|    --  -—    -.  TjO  pounds, 

<«« 

and  F.        1.732    v  r.o        lo:{/.»2  i)Ounds. 

2.  It  is  rtMjuirrd  to  drttTininf  the  j»ulls  in  the  rojies  of 
Fig.  13  by  the  altx«'l»raic  in<*tli<Hl,  it  1km nj^  givfii  that  tho  angles 
which  the  loft-  and  right-hand  ro|ios  make  with  tho  ceiling  are 
3U  and  70  depirs  re>|Kfti\cly  an<l  tiio  InkIv  \Nri^»|is  100  |H>un<ls. 
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Let  us  denote  the  pulls  in  the  right-  and  left-hand  ropes  by 
F|  and  F2  respectively.     Then 

the  horizontal  component  of  Fj  =  F^  X  cos  70°  =  0.342  F^, 
the  horizontal  component  of  F2  =  F2  X  cos  30^  =  0.866  F2, 
the  horizontal  component  of  the  weight  =  0, 
the  vertical  component  of  h\  =  F^  X  cos  20^  =  0.9397  F,, 
the  vertical  component  of  Fg  =  F2  X  cos  60^  =  0.500  F2, 
and  the  vertical  component  of  the  weight  =  100. 

Now  since  these  three  forces  are  in  equilibrium,  the  horizontal 

and  the  vertical  components  balance;  hence 

0.342    Fi  =  0.866  F, 

and  0.9397  Fi  +  0.5  F,  =  100. 


fl    !o  o  o  Q   o  QJ     >-^ 
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Fig.  15. 


These  equations  may  be  solved  for  the  unknown  forces;  thus  from 
the  first, 

_  0.806  ■. 

Substituting  this  value  of  Fj  in  the  second  equation,  we  get 

0.9397  X  2.532  F,  +  0.5  F,  =  100, 

or,  2.88  F,  =  100 ; 

100      ^,  ^^ 
hence  J^^  =  ^r—  =  34.72  pounds, 

and  Fj  =  2.532  X  34.72  =  87.91  pounds. 

EXAHPLES  FOR  PRACTICE. 

1.  Solve  Ex.  1,  Art.  10  alcrebraically.  (First  determine 
the  angle  which  the  inclined  rope  makes  with  the  horizontal;  yon 
should  find  it  to  be  03^  20'.) 
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2.  Solve  Ex.  2,  Art.  16  algebraically. 

3.  Solve  Ex.  3,  Art.  16  algebraically. 

IV.     ANALYSIS  OF  TRUSSES;  "  HETHOD  OF  JOINTS. 


ffff 


18.  Trusses.  A  tniss  is  a  frame  work  used  principally  to 
support  loads  as  in  roofs  and  bridges.  Fig.  16,  25,  26  and  27 
represent  several  forms  of  trusses.  The  separate  bars  or  rods,  12, 
23,  etc.  (Fig.  16)  are  called  rrvemhers  of  the  truss  and  all  the  parts 
immediately  concerned  with  the  connection  of  a  number  of  mem- 
bers at  one  place  constitute  a  y6>m^.  A  "pin  joint"  is  shown  in 
Fig.  15  [a)  and  a  "  riveted  joint "  in  15  (5). 

19.  Truss  Loads.  The  loads  which  trusses  sustain  may  be 
classified  into  fixed,  or  dead,  and  moving  or  live  loads.  A  fixed, 
or  dead  load,  is  one  whose  place  of  application  is  fixed  with  refer- 
ence to  the  truss,  while  a  moving  or  live  load  is  one  whose  place 
of  application  moves  about  on  the  truss. 

Hoof  truss  loads  are  usually  fixed,  and  consist  of  the  weight 
of  the  truss,  roof  covering,  the  snow,  and  the  wind  pressure,  if  any. 
Bridge  truss  loads  are  fixed  and  moving,  the  first  consisting  of  the 
weights  of  the  truss,  the  floor  or  track,  the  snow,  and  the  wind  press- 
ure,  and  the  second  of  the  weight  of  the  passing  trains  or  wagons. 

In  this  paper  we  shall  deal  only  with  trusses  sustaining  fixed 
loads,  trusses  sustaining  moving  loads  being  discussed  later. 

Weight  of  Roof  Trusses.  Before  we  can  design  a  truss,  it  is 
necessary  to  make  an  estimate  of  its  own  weight;  the  actual  weight 
can  be  determined  only  after  the  truss  is  designed.  There  are  a 
number  of  formulas  for  computing  the  probable  weight  of  a  truss, 
all  derived  from  the  actual  weights  of  existing  trusses.  If  W 
denotes  the  weight  of  the  truss,  I  the  span  or  distance  between 
supports  in  feet  and  a  the  distance  between  adjacent  trusses  in  feet, 
then  for  steel  trusses 

W=al{^  +  1); 

and  the  weight  of  a  wooden  truss  is  somewhat  less. 

Roof  Covering.  The  beams  extending  between  adjacent 
trusses  to  support  the  roof  are  called  purlins.  On  these  there  are 
sometimes  placed  lighter  beams  called  rafters  which  in  turn  sup- 
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port  roof  hoards  or  "  sJieathi/ng  "  and  the  other  covering.  Some- 
times the  pnrlins  are  spaced  closely,  no  rafters  being  used. 

The  following  are  weights  of  roof  materials  in  pounds  per 
square  foot  of  roof  surface: 

Sheathing:     Boards,  3  to  5. 

Shingling:     Tin,  1;  wood  shingles,  2  to  3;  iron,  1  to  3;  slate, 

10;  tiles,  12  to  25. 

Rafters:     1.5  to  3. 

Purlins:     Wood,  1  to  3;  iron,  2  to  4. 

Snow  Loads.  The  weight  of  the  snow  load  that  may  have 
to  be  borne  depends,  of  course,  on  location.  It  is  usually  taken 
from  10  to  30  pounds  per  square  foot  of  area  covered  by  the  roof. 

Wind  Pressure.  Wind  pressure  per  square  foot  depends  on 
the  velocity  of  the  wind  and  the  inclination  of  the  surface  on 
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Fig.  16. 

which  it  blows  to  the  direction  of  the  wind.  A  horizontal  wind 
blowing  at  90  miles  per  hour  *produces  a  pressure  of  about  40 
pounds  IKT  square  foot  on  a  surface  perpendicular  to  the  wind, 
while  on  surfaces  inclined,  the  pressures  are  as  follows: 

10°  to  horizontal,  15  lb.  per  sq.  ft.  30°  to  horizontal,  32  lb.  per  sq.  ft. 

20°  t-o  horizontal,  24  lb.  per  sq.  ft.  40°  to  horizontal,  36  lb.  per  sq.  ft. 

50°-90°  to  horizontal,  40  lb.  per  sq.  ft. 

The  wind  pressure  on  an  inclined  surface  is  practically  perpen- 
dicular to  the  surface. 

20.  G)mputation  of  "Apex  Loads."  The  weight  of  the 
roof  covering  including  rafters  and  purlins  comes  upon  the 
trusses  at  the  points  where  they  support  the  purlins;  likewise  the 


*  For  prcwiure  per  sq,  ft.  uaing  other  values  than  90  miles,  tiac  formula  P  =.004  V^,  where 
P  =  pressure  per  sq.  ft.  in  lb.  and  V  —velocity  of  wind  in  miles  per  hr. 
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pit*88uru  due  to  wind  and  snow.  Soiiictinu*s  all  tho  purlins  are 
iiup{K>rted  at  joints;  in  such  casen  the  loads  nientioiuHl  act  uinm  the 
truss  at  its  joints.  However,  the  nnif,  snow,  and  wind  loads  are 
always  assunitHl  to  l>e  a])])1ied  to  the  truss  at  the  upper  joints  of 
the  trusses.  Tliis  assumption  is  e<juivalent  to  neglecting  tho  bend- 
ing elTeet  due  to  the  pressure  of  tliose  j)urlins  which  are  not  sup- 
porttnl  at  joints.     This  lK»nding  effect  can  be  c<>nipute<l  separately. 

Tlie  weight  of  tho  truss  itself  is  assuine<l  to  come  Uj>on  the 
truss  at  its  upjH»r  joints;  this,  of  course,  is  not  exactly  correct. 
Mo8t  of  the  weight  d(H*s  come  upon  the  upjHT  joints  for  the  upper 
memlKTS  are  much  heavier  than  the  lower  and  the  assumption  is 
in  most  cases  sutlicientlv  corrt^ct. 

ExitmpliH,  1.  Tt  is  reijuired  to  compute  the  ajKJX  loads  for 
the  truss  represented  in  .  ig.  !♦>,  it  InMng  of  steel,  the  roof  such 
that  it  Weighs  lo  |)oun<ls  |K*r  s<}uarefoot,  and  the  distance  between 
adjacvnt  trusses  11  ftH»t. 

Tlie  span  Ix^ing  42  feet,  the  formula  for  weight  of  trua« 
(Art.  HO  Invomes 

42 

14  <  42  (  .,r  f  1^,    '-  1,075.84  pounds. 

The  length  \i  scalt*s  about  24^  fe<*t,  hence  the  area  of  roofing; 
sustained  by  out*  truss  etpiaU 

4^J    •     1  I         in{)  Sipiare  feet, 

and  the  weight  of  tht*  rcM>tihg  equals 

iWJ    •    lo        ln,lsr)  jKHindft. 

The  total  load   tNpnils 

l,r>7r).s4    i    KM^ri        llJt;o.s4  jKmnds. 

Now  this  load  i«<  to  b«»  pro[M)rtione<l  among  tht«  fivi*  upjHT  joints, 
but  joints  numU-rtHl  <li  and  (7)  sustain  (»iily  oii<*.liaIf  as  much 
Ioa<l  as  the  other.-.      Hence  for  joints  « 1  \  and  i  7)  the  huids  e<]ual 

-  of  ll.7»;o       l,47i», 

and  for  (2|,  (4)  and  (oi  they  tMpial 

-j-of  ll,7tU)  :.  2,1»40  pounds. 
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As  the  weight  of  the  truss  is  only  estimated,  the  apex  loads  would 
be  taken  as  1,500  and  3,000  pounds  for  convenience. 

2.  It  is  required  to  compute  the  apex  loads  due  to  a  snow 
load  on  the  roof  represented  in  Fig.  16,  the  distance  between  trusses 
being  14  feet. 

The  horizontal  area  covered  by  the  roof  which  is  sustained  by 
one  truss  equals 

42  X  14  =  588  square  feet. 

If  we  assume  the  snow  load  equal  to   10  pounds  per  horizontal 
square  foot,  than  the  total  snow  load  borne  by  one  truss  equals 

588  X  10  =  5,880  pounds. 

This  load  divided  between  the  upper  joints  makes 

-g-  X  5,880  =  735  pounds 
at  joints  (1)  and  (7);  and 

-T-  X  5,880  =  1,470  pounds 

at  the  joints  (2),  (4),  and  (5). 

3.  It  is  required  to  compute  the  apex  loads  due  to  wind 
pressure  on  the  truss  represented  in  Fig.  16,  the  distance  between 
trusses  being  14  ft. 

The  inclination  of  the  roof  to  the  horizontal  can  be  found  by 
measuring  the  angle  from  a  scale  drawing  with  a  protractor  or  by 

computing  as  follows  :    The  triangle  346  is  equilateral,  and  hence 
its  angles  equal  60  degrees  and  the  altitude  of  the  triangle  equals 

14  X  sin  60  =  12.12  feet. 


The  tangent  of  the  angle  413  equals 

'-^  =  0.577, 

and  hence  the  angle  equals  30  degrees. 

According  to  Art.  19, 32  pounds  per  square  foot  is  the  proper 
value  of  the  wind  pressure.  Since  the  wind  blows  only  on  one 
side  of  the  roof  at  a  given  time,  the  pressure  sustained  by  one  truss 
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is  the  wind  pressure  on  one  half  of  the  area  of  the  roof  sustained 
by  one  truss,  that  is 

14  X  24i  X  82  =  10,S04  poundB. 

One  half  of  this  pressure  comes  u|)on  the  truss  at  joint  (2)  and  one 
fourth  at  joints  (1)  and  (4). 

RXAMPLES  FOR  PRACTICE. 

1.  Compute  the  ajH»x  loads  due  to  weight  for  the  truss 
represented  in  Fig.  27  if  the  rooting  weighs  12  [)ounds  per  square 
foot  and  the  trusses  (steel)  are  12  feet  apart. 

Ans.     As  shown  in  Fig.  27. 

2.  Compute  the  apex  loads  due  to  a  snow  load  of  20  ()ound8 

per  S(]uare  foot  on  the   truss   of  Fig.  25,    the  distance   between 

trusses  ))eing  15  fet^t. 

(  For  joints  (4)  and  (7),  1,200  pounds. 

Ans.    ^  For  joints  (1^  and  (8),  8,0<M)  pounds. 

(  ^^or  joint     1 2)  ,  4,800  jwunds. 

8.  Compute  the  ajK»x  loads  due  to  wind  for  the  truss  of  Fig. 
26,  the  distanc4^  between  trusses  InMiig  15  fi*et. 

-   Pressure  tH|Uiils  practically  21)  p)unds  j)er 
Ans.    .    sijuare  f(K)t.     Load  at  joint  (2)  is  4, S<)0 and 
/  at  joints  (1)  and  (8)  2,480  pounds. 

21.  Stress  in  a  Member.  If  a  truss  is  loadtnl  only  at  its 
joints,  its  memlxTS  are  undtT  either  ttMision  or  compression,  but 
the  weight  of  a  memlH»r  ten<is  to  In^nd  it  also,  unless  it  is  vertical. 
If  purlins  rt»st  UjKin  memlnTs  lH»twt»<»n  the  joints,  then  they  also 
liend  these  uiemlH^rs.  We  huve  tlu*n»fore  tension  int^mlHTS,  com- 
pression memlxTS,  and  uumuIkts  su!>jtH.*ttMl  to  InMiding  stn'ss  com- 
bined with  tension  or  eomprrssion.  Calling  siniplo  tension  or 
conn>re8sion  t/irttf  /tfnsM  as  in  **  Stn*  nj^th  of  MatiTials,"  then  the 
process  of  determining  tin*  dinn-t  strr>s  in  the  nuMnlnTs  is  called 
^*  analyzing  the  truss." 

22.  Forces  at  a  Joint.  I>y  ^'  fonvs  at  a  joint  '*  is  mrant  all 
the  loads,  wt'ights,  and  rfut'tions  whieh  an*  a|>|»Ii«Ml  there  and  tht* 
forces  which  the  memlHTs  exrrt  ujM»n  it.  Thesi*  l:itter  are  pushes 
for  compression  mfmUTs  and  pulls  for  trn>ion  inmiUTs,  in  each 
ease  acting  along  the  axis  of  the  memU*r.     Thus,  if  the  horizontal 
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and  inclined  members  in  Fig.  15  are  in  tension,  thej  exert  palls 
on  the  joint,  and  if  the  vertical  is  a  compression  member,  it  ex- 
erts  a  push  on  the  joint  as  indicated.  ITie  forces  acting  at  a 
joint  are  therefore  concurrent  and  their  lines  of  action  are 
always  known. 

23.  General  Method  of  Procedure.  The  forces  acting  at  a 
joint  constitute  a  system  in  equilibrium,  and  since  the  forces  are 
concurrent  and  their  lines  of  action  are  all  known,  we  can  determine 
the  magnitude  of  two  of  the  forces  if  the  others  are  all  known;  for 
this  is  the  important  problem  mentioned  in  Art.  16  which  was 
illustrated  there  and  in  Art.  17. 

Accordingly,  after  the  loads  and  reactions  on  a  truss,  which  is 
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to  be  analyzed,  have  been  ascertained*,  we  look  for  a  joint  at  which 
only  two  members  are  connected  (the  end  joints  are  usually  such). 
Then  we  consider  the  forces  at  that  joint  and  determine  the  two 
unknown  forces  which  the  two  members  exert  upon  it  by  methods 
explained  in  Arts.  16  or  17.  The  forces  so  ascertained  are  the 
direct  stresses,  or  stresses,  as  we  shall  call  them  for  short,  and  they 
are  the  values  of  the  pushes  or  pulls  which  those  same  raerahers 
exert  upon  the  joints  at  their  other  emls. 

Next  we  look  for  another  joint  at  which  but  two  unknown 
forces  act,  then  determine  these  forces,  and  continue  this  process 
until  the  stress  in  each  member  has  been  ascertained.  We  explain 
farther  by  means  of 

Examples.     1.     It  is  desired  to  determine  the  stresses  in  the 


*  How  to  ascertain  the  values  of  the  reactions  is  explained  in  Art.  37. 
JVir  the  present  their  values  in  any  given  case  are  merely  stated. 
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members  of  the  eteel  truss,  represented  in  Fig.  16,  dne  to  its  own 
weight  and  that  of  the  roofing  assumed  to  weigh  12  pounds  per 
square  foot.     The  distance  between  trusses  is  14  feet. 

The  apex  loads  for  this  case  were  computed  in  Example  1, 
Art.  20,  and  are  marked  in  Fig.  16.  Without  computation  it  is 
plain  that  each  reaction  equals  one-half  the  total  load,  that  is,  ^  of 
12,000,  or  6,000  pounds. 

The  forces  at  joint  (1)  are  four  in  number,  namely,  the  left 
reaction  (6,000  pounds),  the  load  applied  there  (1,500  pounds), 
and  the  forces  exerted 
by  members  12  and 
13.  For  clearness,  we 
represent  these  forces 
so  far  as  known  in  Fig. 
17  («);  we  can  deter- 
mine the  two  un- 
known forces  by 
merely  constructing  a 
closed  force  polygon 
for  all  of  them.  To 
construct  the  polygon, 
we  first  represent  the 

known  forces;  thus  AB  (1  inch  long  with  arrowhead  pointing  up) 
represents  the  reaction  and  BC  (J  inch  long  with  arrowhead  point- 
ing down)  represents  the  load.  Then  from  A  and  C  we  draw  lines 
parallel  to  the  two  unknown  forces  and  mark  their  intersection  D 
(or  D').  Then  the  polygon  is  ABCDA,  and  CD  (1.5  inches  = 
9,000  pounds)  represents  the  force  exerted  by  the  member  12  on 
the  joint  and  DA  (1.3  inches  =  7,800  pounds)  represents  the  force 
exerted  by  the  member  13  on  the  joint.  The  arrowheads  on  BC 
and  CD  must  point  as  shown,  in  order  that  all  may  point  the  sai;ne 
way  around,  and  hence  the  force  exerted  by  member  12  acts 
toward  the  joint  and  is  a  push,  and  that  exerted  by  13  acts  away 
from  the  joint  and  is  a  pull.  It  follows  that  12  is  in  compression 
and  13  in  tension. 

If  D'  be  used,  the  same  results  are  reached,  for  the  polygon  is 
ABCD'A  with  arrowheads  as  shown,  and  it  is  plain  that  CD'  and 
DA  abo  D' A  and  OD  are  equal  and  have  the  same  sense.     But  one 
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of  these  force  polygons  is  preferable  for  reasons  explained  later. 
Since  I?  is  in  compression,  it  exerts  a  push  (9,000  pounds) 
on  joint  (2)  as  represented  in  Fig.  18  (a),  and  since  iB  is  in 
tension  it  exerts  a  pull  (7,800  pounds)  on  joint  (3)  as  represented 
in  Fig.  19  {a). 

The  forces  at  joint  (2)  are  four  in  number,  the  load  (3,000 
pounds),  the  force  9,000  pounds,  and  the  force  exerted  upon  it  by 
the  members  24  and  23;  they  are  represented  as  far  as  known  in 

Fig.  18  (a).     We  determine  the  un. 

208o  lbs.  known  forces  by  constructing  a  closed 

.    ^  \  /  polygon  for  all  of  them.     Kepresent- 

^^  ^  V     .  ing  the  known  forces  first,  draw  AB 

0001D8.  ^j  g  inches  long  with  arrowhead  point- 

(b)  ing  up)  to  represent  the  9,000  pound 

Q p ^        force  and  BC  (^  inch  long  with  arrow- 

\       /  head  pointing  down)  to  represent  the 

\^/      Scoae:  load  of  3,000  pounds.    Next  from  A 

Q   lln.»6ooolbs.     and  C  draw  lines  parallel  to  the  two 

Fig.  19.  unknown  forces  and  mark  their  inter. 

section  D;  then  the  force  polygon  is 
ABCDA  and  the  arrowheads  on  CD  and  DA  must  point  as  shown. 
CD  (1.25  inches  =  7,500  pounds)  represents  the  force  exerted  on 
,  joint  (2)  by  24;  since  it  acts  toward  the  joint  the  force  is  a  push 
and  member  24  is  in  compression.  DA  (0.43  inches  =  2,580 
pounds)  represents  the  force  exerted  on  the  joint  by  member  23; 

since  the  force  acts  toward  the  joint  it  is  a  push  and  the  member 
is  in  compression.  Member  23  therefore  exerts  a  push  on  joint 
(3)  as  shown  in  Fig.  19  (a). 

At  joint  (3)    there  are  four  forces,    7,800   pounds,   2,680 

pounds,  and  the  forces  exerted  on  the  joint  by  members  34  and  36. 

To  determine  these,   construct   the  polygon   for  the   four  forces. 

Thus,  AB  (1.3  inches  long  with  arrowhead  pointing  to  the  left) 

represents  the  7,800-pound  force  and  BC  (0.43  inches  long  with 

arrowheads  pointing  down)  represents  the  2,580-pound  force.  Next 

draw  from  A  and  C  two  lines  parallel  to  the  unknown  forces  and 

mark  their  intersection  D;  then  the  force  polygon  is  ABCDA  and 

the  arrowhead  on  CD  and  DA  must  point  upward  and  to  the  right 

respectively.      CD  (0.43  inches  =  2,580  pounds)  represents  the 
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force  exerted  on  the  joint  by  member  84;  since  the  force  acts 
.away  from  the  joint  it  is  a  pull  and  the  member  is  in  tension. 
DA  (0.87  inches  =  5,220  pounds)  represents  the  force  exerted 
upon  the  joint  by  the  member  8H;  since  the  force  acts  away  from 
the  joint,  it  is  a  pull  and  the  member  is  in  tension. 

We  have  now  determined  the  amount  and  kind  of  streea  in 
members  IS,  IHy  28'  ST,  iTTand  M.  It  is  evident  that  the  stress 
in  each  of  the  members  on  the  right-hand  side  is  the  same  as  the 


stress  in  the  corresponding  one  on  tho  loft-hand  Bidt*;  hence  further 
analysis  is  unniH^essary. 

2.  It  is  required  to  analyze  the  truHS  represented  in  Fig. 
20(a)y  the  truss  being  8up{>orttHi  at  the  ends  and  sustaining  two 
loads,  1,800  and  COO  |)ounds,  as  shown.  (For  simplicity  we  as- 
snmtHl  values  of  the  load;  the  lower  one  might  be  a  load  due  to  a 
•nspendcKl  body.     We  shall  Bolve  algebraically.) 

The  right  and  h^ft  reactions  chjuhI  000  and  1,500  pounds  as 
is  shown  in  Example  1,  Page  n^).  At  joint  (1)  there  are  three 
forces,  namely,  the  reaction  1,500  ]M)unds  and  the  forces  exerted 

bj  members  13  and  14,  which  we  will  denote  by  F|  and  F|  respect 
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ively.     The  three  forces  are  represented  in  Fig.  20  (5)  as  far  as 

they  are  known.     These  three  forces  being  in  equilibrium,   their 

horizontal  and  their  vertical  components  balance.     Since  there  are 

but  two  horizontal  components   and  two   vertical  components  it 

follows  that  (for  balance  of  the  components)  Fj  must  act  downward 

and  F2  toward  the  right.     Hence  member  13  pushes  on  the  joint 

and  is  under  compression  while  member  14  pulls  on  the  joint  and 

is  under  tension.     From  the  figure  it  is  plain  that 

the  horizontal  component  of  Fj  =  Fj  coa  53°  8'  =  0.6  F^*, 

the  horizontal  component  of  F2  =  F2, 

the  vertical  component  of  F,  =  Fj  cos  36°  52'  =  0.8  Fj, 

and  the  vertical  component  of  the  reaction  =  1,500. 

Hence  0.6  F^  =  Fg,  and  0.8  Fj  =  1,500; 

1,500      ,  ^^^ 
or,  -^1  =    f)  o    =  I50  <5  pounds, 

and  Fj  =  0.6  X  1,875  =  1,125  pounds. 

Since  members  14  and  13  are  in  tension  and  compression  respect- 
ively, 14  pulls  on  joint  (4)  as  shown  in  Fig.  20  (c)  and  13  pushes 
on  joint  (3)  as  shown  in  Fig.  20  (d). 

The  forces  acting  at  joint  (4)  are  the  load  600  pounds,  the 
pull  1,125  pounds,  and  the  forces  exerted  by  members  34  and  24; 
the  last  two  we  will  call  F3  and  F^  respectively.  The  four  forces 
being  horizontal  or  vertical,  it  is  plain  without  computation  that 
for  balance  F^  must  be  a  pull  of  1,125  pounds  and  F3  one  of  600 
pounds.  Since  members  42  and  43  pull  on  the  joint  they  are 
both  in  tension. 

Member  43,  being  in  tension,  pulls  down  on  joint  (3)  as 
shown  in  Fig.  20  (d).  The  other  forces  acting  on  that  joint  are 
the  load  1,800  pounds,  the  push  1,875  pounds,  the  pull  600 
pounds,  and  the  force  exerted  by  member  83  which  we  will  call 
F5.  The  only  one  of  these  forces  having  horizontal  components 
are  1,875  and  F5;  hence  in  order  that  these  two  components  may 
balance,  F5  must  act  toward  the  left.  F5  is  therefore  a  push 
and  the  member  32  is  under  compression. 


*  The  angles  can  be  computed  from  the  dimensions  of  the  truss:  often 
they  can  be  ascertained  easiest  by  scaling  them  with  a  protractor  from  a 
large  size  drawing  of  the  truss. 
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The  horizontal  comi>onent  of  1,875  =  1,S75  X  cos  53^  8'  =  1,126; 
and    the  horizontal    component    of    Fr,    =   F5    X   cos  38*^  40'    = 
0.7808  ¥y 
Hence  0.780S  F5  =-   1,125, 

or,  r^      -^  -  ^=^-:  l,44()  pounds. 

^liis  same  truss  is  analyzed  graphically  later.) 

24.  Notation  for  Graphical  Analysis  of  Trusses.  The  nota* 
tion  described  in  Art.  3  can  \>e  advantai^eoiisly  systematizt^d  in 
this  connection  as  follows:  K:u*h  triangular  space  in  the  diagram 
of  the  truss  and  the  sjwces  Ih'tuveu  consecutive  lines  of  action  of 
the  lomls  and  reactions  should   he  niarktHi  by  a  small  letter  (see 


Fig.  21  a),  Tlien  tlie  two  letters  on 
<)p[M)site  sidt»s  of  any  line  serve  to  denote 
that  line  and  the  same  large  letters  are 
usihI  to  denote  the  force  acting  in  that 
line,  llius  rj  (  Fig.  21  tf)  refers  to  the 
memlHT  12  and  CD  should  be  used  to 
stand  for  the  force  or  stress  in  that 
memlKT. 

25.  Polygron  for  a  Joint.  Id  draw* 
ing  the  [H>lygon  for  all  the  forces  at  a 
joint,  it  is  advantageous  to  represent  the 
forct's  in  tin*  order  in  which  they  ocour 
alM»ut  the  joint.  Evidently  there  are 
always  two  possible  onlersthus  (sih*  Fig.  20  f/)  F.,  i\00y  1,875,  and 
l,800isone  onlfr  around,  and  F  ,  1,^00,  1,^75,  and  000  in  another. 
Tbe  6rst  is  calli*d  a  clo(;kwist^  order  and  the  second  counter-clookwiae. 


l!?i.-6ooolbe. 
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A  force  polygon  for  the  forces  at  a  joint  in  which  the  forces  are 
represented  in  either  order  in  which  they  occur  about  the  joint  is 
called  a  polygon  for  the  joint  j  and  it  will  be  called  a  clockwise  or 
counter-clockwise  polygon  according  as  the  order  followed  is  clock- 
wise or  counter-clockwise.  Thus  in  Fig.  17  (b),  ABCDA  is  a 
clockwise  polygon  for  joint  (1).     ABCD'A  is  a  polygon  for  the 


forces  at  the  joint;  it  is  not  a  poly- 
gon for  ^e  joint  because  the  order 
in  which  the  forces  are  represented 
in  that  polygon  is  not  the  same  as 
either  order  in  which  they  occur 
about  the  joint. 

(Draw  the  counter-clockwise 
polygon  for  the  joint  and  compare 
it  with  ABCDA  and  ABCD'A.) 

26.  Stress  Diagrams.  If  the 
polygons  for  all  the  joints  of  a  truss 
are  drawn  separately  as  in  Example 
1,  Art.  23,  the  stress  in  each  mem- 
ber will  have  been  represented  twice.  It  is  possible  to  combine 
the  polygons  so  that  it  will  be  unnecessary  to  represent  the  stress 
in  any  one  member  more  than  once,  thus  reducing  the  number 
of  lines  to  be  drawn.  Such  a  combination  of  force  polygons  is 
called  a  stress  diagram. 

Fig  ^21  (5)  is  a  stress  diagram  for  the  truss  of  Fig.  21  (a) 


Scarlet 
lirL»  looolbd. 

Fig.  22. 
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nme  m  the  troBS  of  Fig.  16.  It  will  be  seen  that  the  part  of  the 
•treM  diagram  oonsisting  of  solid  lines  is  a  oombination  of  separate 
polygons  previously  drawn  for  the  joints  on  the  left  half  of  the 
truss  (Figs.  17,  18  and  19.)  It  will  also  be  seen  that  the  polygons 
are  all  clockwise,  but  counter-clockwise  }>oIygon8  could  be  com- 
bined into  a  stress  diagram. 

To  Construct  a  Stress  Dlaj^ram  for  a  Truss   Under  Qiveo 


1.  Determine  the  reactions*. 

2.  Letter  the  truss  diagram  as  explained  in  Art.  24. 

3.  Construct  a  force  polygon  for  all  the  forces  applied  to  the 
tmss  (loads  and  reactions)  representing  them  in  the  order  in 
which  they  occur  around  the  truss,  clockwise  or  counter-clock- 
wise.  (The  part  of  this  polygon  representing  the  loads  is  called 
a  load  line.) 

4.  On  the  sides  of  that  polygon,  construct  the  polygons  for 
all  the  joints.  They  must  be  clockwise  or  counter-clockwise  ao* 
eording  as  the  polygon  for  the  loads  and  reactions  is  clockwise  or 
counterclockwise.  (The  lirst  {K)Iygon  for  a  joint  must  be  drawn 
for  one  at  which  but  two  Mu»mlK*r8  are  connectt^i — the  joints  at 
the  supports  are  usually  suoh.  Then  one  can  draw  in  succession 
the  polygons  for  joints  at  which  tht*re  are  not  more  than  two  un- 
known forces  until  the  6tn*s3  diagram  is  completeil.) 

EMimjyh.  It  isdesirtMl  to  construct  a  stress  diagram  for  the 
tmss  represented  in  Fig.  22  (</),  it  InMug  supjM)rted  at  its  ends 
and  sustaining  two  loads  of  1,S(K}  and  <>(X)  {>oundd  as  shown. 

The  right  and  loft  n*actions  are  IXX)  and  1,600  pounds  as  is 
shown  in  Example  1,  Art.  37.  Following  the  foregoing  directions 
we  first  letter  the  truss,  as  shown.  Tlu^n,  where  convenient,  draw 
the  polygon  for  all  the  loads  and  reactions,  beginning  with  any 
foroe,  but  reprt<st*nting  thorn  in  onlor  as  previously  directed. 
Thus,  beginning  with  the  l,SO<).|)oui)d  load  and  following  the 
clockwise  order  for  example,  lay  off  a  line  l.S  inch  in  length  rep- 
resenting 1,800  |K)unds  (seale  1,000  ])ounds  to  an  ineln;  nince  the 
line  of  action  of  the  foree  is  ht\  the  line  is  to  bo  marktnl  BC  and 
B  should  be  pirced  at  the  U|)|K'r  end  of  the  line  for  a  reason  which 


^  Am  already  Ktat^nl,  methods  for  doU^nnininf;  reactionii  are  explained  la 
▲fft.  37;  for  the  preeent  tho  valuoe  of  the  roacUoiui  in  any  example  will  bs  giTsn. 
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will  presently  appear.  The  next  force  to  be  represented  is  the 
right  reaction,  900  pounds  ;  hence  from  C  draw  a  line  upward  and 
O.dU  inch  long.  The  line  of  action  of  this  force  being  ce^  the  line 
just  drawn  should  be  marked  CE  and  since  C  is  already  at  the 
lower  end,  we  mark  the  upper  end  E.  (The  reason  for  placing  B 
at  the  upper  end  of  the  first  line  is  now  apparent.)  The  next 
force  to  be  represented  is  the  600-pound  load  ;  therefore  we  draw 
from  E  a  line  downward  and  0.6  inch  long,  and  since  the  line  of 
action  of  that  force  is  ef^  mark  the  lower  end  of  the  line  F.  The 
next  force  to  be  represented  is  the  left  reaction,  1,500  pounds,  hence 
we  draw  a  line  1.5  inches  long  and  upward  from  F.  If  the  lines 
have  been  carefully  laid  off,  the  end  of  the  last  line  should  fall  at 
B,  that  is,  the  polygon  should  close. 

We  are  now  ready  to  draw  polygons  for  the  joints;  we  may 
begin  at  the  right  or  left  end  as  we  please  but  we  should  bear  in 
mind  that  the  polygons  must  be  clockwise  because  the  polygon  for 
the  loads  and  reactions  (BCEFB)  is  such  an  one.  Beginning  at 
the  right  end  for  example,  notice  that  there  are  three  forces  there, 
the  right  reaction,  de  and  do.  The  right  reaction  is  represented 
by  CE,  hence  from  E  draw  a  line  parallel  to  de  and  from  0  one 
parallel  to  do  and  mark  their  intersection  D.  Then  CEDO  is  the 
clockwise  polygon  for  the  right-hand  joint,  and  since  CE  acts  up, 
the  arrows  on  ED  and  DC  would  point  to  the  left  and  down 
respectively.  It  is  better  to  place  the  arrows  near  the  joint  to 
which  they  refer  than  in  the  stress  diagram ;  this  is  left  to  the  student. 
The  force  exerted  by  member  ed  on  joint  (2)  being  a  pull,  ed  is 
under  tension,  and  since  ED  measures  1.12  inches,  the  value  of 
that  tension  is  1,120  pounds.  The  force  exerted  by  member  do  on 
joint  (2)  being  a  push,  do  is  under  compression,  and  since  DC 
measures  1.44  inches,  the  value  of  that  compression  is  1,440  pounds. 

The  member  do  being  in  compression,  exerts  a  push  on  the 
joint  (3)  and  the  member  de  being  in  tension,  exerts  a  pull  on  the 
joint  (4).    Next  indicate  this  push  and  pull  by  arrows. 

"We  might  now  draw  the  polygon  for  any  one  of  the  remain- 
ing  joints,  for  there  are  at  each  but  two  unknown  forces.  We 
choose  to  draw  the  polygon  for  the  joint  (3).  There  are  four 
forces  acting  there,  namely,  the  1,800-pound  load,  the  push  (1,440 
pounds)  exerted  by  cd^  and  the  forces  exerted  by  members  ad  and 
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Fig.  23. 


ab^  unknown  in  amount  and  sense.  Now  the  first  two  of  these 
forces  are  already  represented  in  the  stress  diagram  by  BC  and 
CD,  therefore  we  draw  from  D  a  line  parallel  to  da  and  from  B 
a  line  parallel  to  ha  and  mark  their  intersection  A.  Then  BCDAB 
is  the  polygon  for  the  joint,  and  since  the  arrowhead  on  BO  and 
CD  would  point  down  and  up  respectively,  DA  acts  down  and 
AB  up;  hence  place  arrowheads  in  those  directions  on  da  and 
ab  near  the  joint  being  considered.  These  arrows  signify  that 
member  da  pulls  on  the  joint  and  ba  pushes;  hence  da  is  in  tension 
and  ba  in  compression.  Since  DA  and  AB  measure  0.6  and  1.88 
inches  respectively,  the  values 
of  the  tension  and  compression 
are  600  and  1,880  pounds. 

Next  place  arrowheads  on 
ab  and  ad  at  joints  (1)  and  (4) 
to  represent  a  push  and  a 
pull  respectively.  There  re- 
mains now  but  one  stress  un- 
determined,  that  in  «/*.     It  can 

be  ascertained  by  drawing  the  polygon  for  joint  1  or  4;  let  us  draw 
the  latter.  There  are  four  forces  acting  at  that  joint,  namely,  the 
600-pound  load,  and  the  forces  exerted  by  members  ed^  day  and  aj*. 
The  first  three  forces  are  already  represented  in  the  drawing  by  EF, 
DE  and  DA,  and  the  polygon  for  those  three  forces  (not  closed) 
is  ADEF.  The  fourtK  force  must  close  the  polygon,  that  is,  a  line 
from  F  parallel  to  «/*  must  pass  through  A,  and  if  the  drawing 
has  been  accurately  done,  it  will  pass  through  A.  The  polygon 
for  the  four  forces  then  is  ADEFA,  and  an  arrowhead  placed  on 
FA  ought  to  point  to  the  left,  but  as  before,  place  it  in  the  truss 
diagram  on  q/*near  joint  (4).  The  force  exerted  by  member  a/* on 
joint  (4)  being  a  pull,  ^(/is  under  tension,  and  since  AF  measures 
1.12  inches,  the  value  of  the  tension  is  1,120  pounds. 

Since  aj^  is  in  tension  it  pulls  on  joint  (1),  hence  we  place  an 
arrowhead  on  ^near  joint  (1)  to  indicate  that  pull. 

EXAMPLES  FOR  PRACTICE. 

1.  Construct  a  stress  diagram  for  the  truss  of  the  preceding 
Example  (Fig.  22a)  making  all  the  polygons  counter-clockwise, 
and  compare  with  the  stress  diagram  in  Fig.  22. 
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2.     Determine  the  stresses  in  the  members  of  the  truss  repre« 
•anted  in  Fig.  23  due  to  a  single  load  of  2,000  pounds  at  the  peak. 

Stresses  in  12  and  23  =  1,510  pounds, 
Ans.  ^  Stresses  in  14  and  43  =  1,930  pounds, 
Stress  in  24  ==  490  pounds. 


in  •Zooolbe 


27.  stress  Records.  When 
making  a  record  of  the  values 
of  the  stresses  as  determined 
in  t  n  analysis  of  a  truss,  it  is 
convenient  to  distinguish  be- 
tween  tension  and  compres* 
sion  by  means  of  the  signs 
plus  and  minus.  Custom 
differs  as  to  use  of  the  signs 
for  this  purpose,  but  we  shall 
use  j)lu8  for  tension  and 
niinnafor  compression.  Thus 
+  4,560  means  a  tensile  stress 
of  4,560  pounds,  and  -  7,500 
means  a  compressive  stress  of  7,500  pounds. 

The  record  of  the  stresses  as  obtained  in  an  analysis  can  be 
conveniently  made  in  the  form  of  a  table,  as  in  Example  1  follow- 
ing,  or  in  the  truss  diagram  itself,  as  in  Example  2  (Fig.  25). 

As  previously  explained,  the  stress  in  a  member  is  tensile  or 
compressive  according  as  the  member  pulls  or  pushes  on  the  joints 
between  which  it  extends,   vlf  the  arrowheads  are  placed  on  the 


Pig.  24. 
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lines  representing  the  members  as  was  explained  in  Example  1  of 
Art.  26  (Fig.  22),  the  two  arrowheads  on  any  member 

point  toward  each  other  on  tension  membeis, 
and  from  each  other  on  compression  membera 

If  the  system  of  lettering  explained  in  Art.  24  is  followed  in 
(he  analysis  of  a  tmss,  and  if  the  first  polygon  (for  the  loads  and 
reactions)  is  drawn  according  to  directioils  (Art.  26),  then  the 
system  of  lettering  will  guide  one  in  drawing  the  polygons  for  the 
joints  as  shown  in  the  following  illustrations.  It  must  be  remem* 
bered  always  that  any  two  parallel  lines,  one  in  the  truss  and  one 
in  the  stress  diagram,  must  be  designated  by  the  same  two  letters, 
the  first  by  small  letters  on  opposite  sides  of  it,  and  the  second  by 
the  same  capitals  at  its  ends. 

Ewamplea.  1.  It  is  required  to  construct  a  stress  diagram 
for  the  truss  represented  in  Fig.  24  supported  at  its  ends  and 
sustaining  three  loads  of  2,000  pounds  as  shown.  Evidently 
the  reactions  equal  3,000  pounds. 

Following  the  directions  of  Art.  26,  we  letter  the  truss 
diagram,  then  draw  the  polygon  for  the  loads  and  reactions. 
Thus,  to  the  scale  indicated  in  Fig.  24  (5),  AB,  BC,  and  CD  repre- 
sent the  loads  at  joints  (2),  (3)  and  (5)  respectively  and  DE 
and  EA  represent  the  right  and  the  left  reactions  respectively. 
Notice  that  the  polygon  (ABCDEA)  is  a  clockwise  one. 

At  joint  (l)there  are  three  forces,  the  left  reaction  and  the  forces 
exerted  by  the  members  ofKni^fe.  Since  the  forces  exerted  by 
these  two  members  must  be  marked  AF  and  EF  we  draw  from  A 
a  line  parallel  to  af  and  from  E  one  parallel  to  ef  and  mark  their 
intersection  F.  Then  E AFE  is  the  polygon  for  joint  (1),  and  since 
EA  acts  up  (see  the  polygon),  AF  acts  down  and  FE  to  the  right. 
We,  therefore,  place  the  proper  arrowheads  on  «/*and  fe  near  (1), 
and  record  (see  adjoining  table)  that  the  stresses  in  those  members 
are  compressive  and  tensile  respectively.  Measuring,  we  find  that 
AF  and  FE  equal  6,150  and  5,100  pounds  respectively. 


Member. . . . 
Stress 


af 
-6^150 


fe 
+5,100 


bg 
4,100 


1,875 


+1,720 
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We  may  next  draw  the  polygon  for  joint  (6)  or  (2)  since  there 
are  bnt  two  nnknown  forces  at  each.  At  joint  (2)  for  instance, 
the  nnknown  forces  are  those  exerted  by  fg  and  hg^  and  the 
known  are   the  load   ah  (2,000  ponnds)    and   the   force  exerted 


|2ooolb8.     b 
-2310 


by  af.     Since   the   nnknown   forces  \      ij^^u». 

mnst  be  marked  FG  and  GB,  draw 
from  F  a  line  parallel  to^,  from 
B  a  line  parallel  to  hg^  and  mark 
their  intersection  G.  Then  the  poly- 
gon for  the  joint  is  FABGF,  and 
since  AB  acts  down  (see  the  polygon) 
BG  and  GF  act  down  and  np  respec* 
tively.  Therefore,  place  the  proper 
arrowheads  on  hg  and  gf  near  (2),  and 
record  that  the  stresses  in  those  mem- 
bers are  both  compressive.  Measur. 
ing,  we  find  that  BG  and  GF  f;cale 
4,100  and  1,875  ponnds  respectively. 
Now  draw  a  polygon  for  joint 
(3)  or  (6)  since  there  are  hut  two  nn- 
known forces  at  each  jo\nt.     At  (3) 

for  instance,  the  nnknown  forces  are  those  exerted  by  ch  and  gh^ 
the  known  forces  being  the  load  (2,000  pounds)  and  the  force  4,100 
ponnds,  exerted  by  hg.  Since  the  nnknown  forces  must  be 
marked  CH  and  GH,  draw  from  C  a  line  parallel  to  cA,  from 
G  one  parallel   to   ghy  and   mark   their   intersection   H.     Then 


Fig.  25. 
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GBCHG  18  the  polygon  for  the  joint,  and  since  BC  acts  down 
(see  the  polygon)  CII  acts  up  and  IIG  down.  Therefore,  place 
the  proper  arrowheads  on  vh  and  htj  near  (.^,  and  nn^ord  that  the 
•tresses  in  thosu)  menilMTd  are  compressive  and  tt^nsile  res|)ectively. 
Measuring,  we  find  that  CII  and  lUi  scale  4a00  and  2,720 
pounds  respectively. 

It  is  plain  that  the  stress  in  any  member  on  the  right- 
band  side  is  the  same  as  that  in  the  correri{K)nding  member  on 
the  left,  hence  it  is  not  necessary  to  construct  the  complete 
•tress  diagram. 

2.     It  is  required  to   analyze    the  truss  of    Fig.   25  which 


2ooo 


looo 


looo 
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rast^    on  end  supports  and    FUt«taiiis    thrive    loads   each  of  2,000 
pounds  as  shown,     tiach  mi*mlKT  id  1(>  feet  long. 

Evidently,    reaction^4    are    each    !^(XM)    ]K)unds.     Following 
directions  of    Art.  2<),    first    letter    the  truss   diagram  and  then 


PiK.  27. 

draw  a  polygon  for  the  IcnuIs  and  reactions  repres«*nting  them 
in  either  onler  in  which  they  cnvur  alnrnt  the  truss.  IX^IiAED 
is  a  counter-i*liK*kwiHe  |M)lyiron«  I>(\  C'H,  anti  HA  rfpri>s«*nting  the 
loads  at  joints  (1)«(,2»  and  C-\u  AE  the  left  rt«ction,  ED  the  right 
r^Action. 
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The  construction  of  the  polygons  is  carried  out  as  in  the 
preceding  illustration,  and  little  explanation  is  necessary.  The 
polygon  for  joint  (4)  is  AEFA,  EF  (1,725  pounds  tension) 
representing  the  stress  in  efsmd  FA  (3,450  pounds  compression) 
that  in  of.  The  polygon  for  joint  (3)  is  BAFGB,  FG  (1,160 
pounds  tension)  representing  the  stress  in  /g  and  GB  (2,300 
pounds  compression)  that  in  gb.  The  polygon  for  joint  (5) 
is  GFEHG,  EH  (2,875  pounds  tension)  representing  the  stress 
in  eh  and  HG  (1,150  pounds  compression)  that  in  hg. 

Evidently  the.  stress  in  any  member  on  the  right  side  of 
the  truss  is  like  that  in  the  corresponding  member  on  the  left, 
therefore  it  is  not  necessary  to  construct  the  remainder  of  the 
stress  diagram. 

eXAilPLES  FOR  PRACTICE* 

1.  Analyze  the  truss  represented  in  Fig.  26,  it  being  aup- 
ported  at  its  ends  and  sustk»ining  three  loads  of  2,000  and  two 
of  1,000  pounds  as  represented. 

STRESS  RECORD. 


Member. 
Stress. . . 


12 
■8,950 


23 
-5,600 


14 

+8,000 


45 

+8,000 


24 
+1,000 


25 
-5,350 


35 
+3,000 


2.  Analyze  the  truss  represented  in  Fig.  27,  it  being  sup- 
ported at  its  ends  and  sustaining  five  2,000-pound  loads  and  two 
of  1,000  as  shown. 


STRESS  RECORD. 


Member  . 
Stress  .  . . 


12 
-11,200 


23 

-8,9001 


34 


-  8.9001+  10 


51  52 

10.0001-2.200 


53 
-2,00(* 


54 
+3.600 


56 
+6,000 


28.  Analysis  for  Snow  Loads.  In  some  cases  the  apex 
snow  loads  are  a  definite  fractional  part  of  the  apex  loads  due 
to  the  weights  of  roof  and  truss.  For  instance,  in  Examples  1 
and  2,  Pages  25  and  26,  it  is  shown  that  the  apex  loads  are 
1,500  and  3,000  pounds  due  to  weight  of  roof  and  truss,  and 
735  and  1,470  due  to  snow;  hence  the  snow  loads  are  practi- 
cally  equal  to  one-half  of  the  permanent  dead  loads.  It  follows 
that  the  stress  in  any  member  due  to  snow  load  equals 
practically    one-half   of    the    stress    in  that  member   due  to  the 
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pennmnent  dead  loid.  The  snow  load  stressea  in  thia  caaa  can 
therefore  be  obtained  from  the  permanent  load  streasea  and  no 
atraaa  diagram  for  snow  load  need  be  drawn. 

In  aome  oaaea,  however,  the  apex  loads  dne  to  anew  at  the 
variooa  jointa  are  not  the  eame  fractional  part  of  the  permanent 
load.  Thia  ia  the  case  if  the  roof  is  not  all  of  the  same  alopa^ 
aa  for  instance  in  Fig.  23  where  a  part  of  the  roof  ia  flat. 
In  anch  n  case  the  stresses  due  to  the  snow  load  cannot  be 
dalanmtned  from  a  atress  diagram  for  the  permanent  dead  load 


Fig.  28. 

bnt  a  separate  stress  diagram  for  tho  snow  I(Mu1  must  bi^  drawn. 
Bnch  diagrams  are  drawn  like  thosi^  for  {HTiiianent  dead  load. 
21K  Analysis  for  Wind  Loads.  btre^Hcs  duo  to  wind  press- 
ure cannot  lie  comjuiUHl  from  pt^rmanent  loiid  stressi»s;  they  can 
be  most  easily  determincHl  liy  ni(*!ins  of  a  htn*:$s  diagram.  Since 
wind  pressure  exists  only  on  otu*  i^iilo  of  a  truss  at  a  time,  the 
stresses  in  corre8]»ondin^  mfinlKTii  on  thu  ri^ht  and  left  sides  of  a 
truss  are  unequal  and  the  whulo  htress  diagram  must  be  drawn  in 
analjaia  for  **  wind  stresses."     Moreoveri  where  one  end  of  the 
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tniBS  rests  on  rollers,  two  stress  diagrams  mnst  be  drawn  for  a 
complete  analysis,  one  for  wind  blowing  on  the  right  and  one  for 
wind  blowing  on  the  left  (see  Example  2  following). 

Examples.  1.  It  is  required  to  analyze  the  truss  of  Fig. 
16  for  wind  pressure,  the  distance  between  trusses  being  14  feet. 

The  apex  loads  for  this  case  are  computed  in  Example  3, 
Page  26,  to  be  as  represented  in  Fig.  28.  Supposing  both  ends 
of  the  truss  to  be  fastened  to  the  supports,  then  the  reactions  (due 
to  the  wind  alone)  are  parallel  to  the  wind  pressure  and  the  right 
and  left  reactions  equal  3,600  and  7,200  pounds  as  explained  in 
Example  2,  Page  57. 

To  draw  a  clockwise  polygon  for  the  loads  and  reactions,  we 
lay  off  BC,  CF,  and  FF  to  represent  the  loads  at  joints  (1),  (2), 
and  (4)  respectively;  then  since  there  are  no  loads  at  joints  (5) 
and  (7)  we  mark  the  point  F'  by  C'  and  B'  also;  then  lay  off 
B'A  to  represent  the  reaction  at  the  right  end.  If  the  lengths 
are  laid  off  carefully,  AB  will  represent  the  reaction  at  the  left 
end  and  the  polygon  is  BCFF'C'B'AB. 

At  joint  (1)  there  are  four  forces,  the  reaction,  the  load,  and 
the  two  stresses.  AB  and  BC  represent  the  first  two  forces,  hence 
from  C  draw  a  line  parallel  to  cd  and  from  A  a  line  parallel  to  ad 
and  mark  their  intersection  D.  Then  ABCDA  is  the  polygon  for 
the  joint  and  CD  and  DA  represent  the  two  stresses.  The  former 
is  7,750  pounds  compression  and  the  latter  9,000  pounds  tension. 

At  joint  (2)  there  are  four  forces,  the  stress  in  cd  (7,750 
pounds  compression),  the  load,  and  the  stresses  in  fe  and  ed.  As 
DC  and  CF  represent  the  stress  7,750  and  the  load,  from  F  draw 
a  line  parallel  to  fe  and  from  D  a  line  parallel  to  de^  and  mark 
their  intersection  E.  Then  DCFED  is  the  polygon  for  the  joint  and 
FE  and  ED  represent  the  stresses  infe  and  ed  respectively.  The 
former  is  7,750  pounds  and  the  latter  5,400,  both  compressive. 

At  joint  (3)  there  are  four  forces,  the  stresses  in  ad  (9,000 
pounds),  de  (5,400  pounds),  eg  and  ga.  AD  and  DE  represent 
the  first  two  stresses;  hence  from  E  draw  a  line  parallel  to  eg  and 
from  A  a  line  parallel  to  ag  and  mark  their  intersection  6.  Then 
ADEGA  is  the  polygon  for  the  joint  and  EG  and  G A  represent 
the  stresses  in  eg  and  ga  respectively  The  former  is  5,400  and 
the  latter  3,600  pounds,  both  tensile. 
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At  joint  (4)  there  are  five  forces^  the  stresses  in  eg  (6,400 
pounds)  and  ef  (7,760  pounds),  the  load,  and  the  stresses  in  j^^'  and 
eg.  GE,  EF  and  FF  represent  the  first  three  forces;  hence  draw 
from  P  a  line  parallel  iof^^  and  from  G  a  line  parallel  to  e'g  and 
mark  their  intersection  E'.  (The  first  line  passes  through  G,  hence 
E'  falls  at  G).     Then  the  polygon  for  the  joint  is  GEFFE'G,  and 

3tooll>s.  ^looffis. 


eaoollae. 


e2ooib8. 


31oo  lbs. 


3lOOllDS. 


J>   VReft-otion  for  wind  left. 


fbr  wfnd  right, 
6o5olb». 


w 


4, 

Rc«^tton  wind  left,378o  Ibal     P 
ii9ht,636o*'  I 


Stress  Diewgrs^m 
fbr  >vind  right. 


Stress  XHttgrsjn 
fbr  wind  lcft« 


C»P 


Pig.  29. 


P£'  (6,250  pounds   compression)    represents    the  stress  \tl  fe\ 
Since  E'G  =  0,  the  wind  produces  no  stress  in  member  ge\ 

At  joint  (5)  three  members  are  connected  together  and  there 
is  no  load.     The  sides  of  the  polygon  for  the  joint  must  be  parallel 
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to  the  members  joined  there.  Since  two  of  those  members  are  in 
the  same  straight  line,  two  sides  of  the  polygon  will  be  parallel 
and  it  follows  as  a  consequence  that  the  third  side  must  be  zero. 
Hence  the  stress  in  the  member  e*d'  equals  zero  and  the  stresses 
inyV  and  d'c*  are  equal.  This  result  may  be  explained  slightly 
differently:  Of  the  stresses  in  e*f^  e'cCy  and  cPif  we  know  the  first 
(6,250)  and  it  is  represented  by  ET'.  Hence  we  draw  from  F'  a 
line  parallel  to  cd'  and  one  from  E'  parallel  to  d'e  and  mark  their 
intersection  D'.  Then  the  polygon  for  the  joint  is  E'F'C'D'EJ 
CD'  (6,250  pounds  compre3sion)  representing  the  stress  in  c'd\ 
Since  E'  and  D'  refer  to  the  same  point,  E'D'  scales  zero  and  there 
is  no  stress  in  e*d'. 

The  stress  in  ad*  can  be  determined  in  various  ways.  Since 
at  joint  (6)  there  are  but  two  forces  (the  stresses  in  ge'  and 
e'd*  being  zero),  the  two  forces  must  be  equal  and  opposite  to 
balance.  Hence  the  stress  in  d'a  is  a  tension  and  its  value  is 
3,600  pounds. 

2.  It  is  required  to  analyze  the  truss  represented  in  Fig. 
24  for  wind  pressure,  the  distance  between  trusses  being  15  feet. 

The  length  U  equals  1/20*  +  14*  or 


^"400  +  196  =  24.4  feet. 

Hence  the  area  sustaining  the  wind  pressure  to  be  borne  by  one 
truss  equals  24.4  X  15  =  3()6  square  feet. 

The  tangent  of  the  angle  which  the  roof  makes  with  the 
horizontal  equals  14  -r-  20  =  0.7;  hence  the  angle  is  practically 
35  degrees.  According  to  Art.  V>\  the  wind  pressures  for  slopes 
of  30  and  40  degrees  are  32  and  36  pounds  per  square  foot; 
hence  for  35  degrees  it  is  34  pounds  per  scjuare  foot.  The  total 
wind  pressure  equals,  therefore.  300  y  34  =  12,444,  or  practically 
12,400  pounds 

The  apex  load  for 

joint  (2)  is  }i  of  12,400,  or  0,200  iM)unds, 
and  for  joints  (1)  and  (3),  I4  of  12,400,  or  3,100  pounds  (see  Fig.  29). 

When  the  wind  blows  from  the  ri<rht  the 

load  for  joint  (5)  is  6,2(X)  pounds,  and 
for  joints  (3)  and  (C)  3,100  pounds. 
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If  tho  left  end  of  the  truss  is  fastened  to  its  snpport  and 
the  right  rests  on  rollers*,  when  the  wind  blows  on  the  left  side 
the  right  and  left  reactions  equal  8,780  and  9,550  poands  respec- 
tively and  act  as  shown.  "When  the  wind  blows  on  the  right 
side,  the  ri^rht  and  left  reactions  eijual  r>,;{SO  and  8,050  ])Ound8 
and  act  as  ghown.  Tlie  computation  of  these  reactions  is  shown  in 
Exanijile  1,  Pap*  5s. 

For  the  wind  on  the  left  side,  OA,  AB,  and  BC  (Fig.  29i) 
repn*8t*nt  the  ajK*x  loads  at  joints  ( 1 ),  <2)  and  {^Ih  respectively  and 
CE  and  EO  represent  the  rirrht  and  left  reactions;  then  the  poly- 
gon (clo<*kwise)  ft>r  the  loads  and  reactions  is  OABCDPEO.  The 
|>oint  C  is  alM>  niarktMJ  1)  aixl  P  bt^cause  there  are  no  loads  at 
joints  (5)  and  (♦'»». 

The  l><>lv<zon  for  joint  ( 1 )  is  EOAFE,  AF  and  FK  represent- 
ing the  stresses  in  trjninlfr  res[)t»ctively.  The  valui'S  are  recorded 
in  the  adjt)ining  table.  Th  ^  polvc^on  for  joint  ["2)  is  FAB(iF, 
lUt  antl  <iF  npresiMiting  tlfo  stresses  in  htj  and /y.  Tbe  T»olvgon 
for  joint  (^)  is  (ilU'IKi,  CIl  an<l  IKi  representing  the  stresses  in 
r/i  and  /"/  rrsjH'ctivt'ly.  At  joint  (  5  )  there  is  no  load  and  two  of 
the  nieinlnTs  connertiMl  tluTe  are  in  tlu^  same  line;  hence  there  is 
no  >\ind  stress  in  the  tliinl  nirnibrr  and  th(*  stresses  in  the  other 
two  nienilM*rs  are  I'jual.  Tbe  point  11  is  therefore  a]M>  nnirktMl  I 
toinakt«  HI  equal  to  zero.      Tbe  jH»lygon  for  jt»int  (5)  is  IICDIII. 

STKKSS  KFX'OKD. 

M'-nilwr.  Stn--,  Wiu'l  L«'ft.         Slr«««»j».  Wimi  Kiwhl. 


/V  ;                 .  l*J,7<li» 

hif  '                   -    :».f4l» 

^/  -     7.1  M) 

At  0 

i'h  7,Toi> 

if  .    r..-l(i) 

./i  7.7(1) 


r.Toj) 

*j.<«i> 

v>;\iv 

0 

.l.|u> 

7.(11  J 

I.KM) 

l.4(«) 

7..Vi» 

.\t  joint  ill  ibiTf  an*    f<»iir   ft»n«-.,   all  kn«>\\n   except  tbt*  one 
in>'.      KI\F<«,and   (ill  rfpnxnt   tbf   tir>t    tbnr;  hfiice  tb»»  line 

•  KoIUts  to  nlluw  for  frtt-  l•^J^ftn^i^»n  ni.»l  iciritrariiorj  of  tlio  Iriiht*  uould 
not  K»  ri*<|uin-<l  r»rorio  Hi*  ^li^rt  n-^  th»f».     Thry  nro  not  ummI  (ft«n«»rnilT  unl 
the  triLsii  in  Tm  U^^i  or  more  in  Ivnf^th. 
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joining  I  and  £  must  represent  the  stress  in  te.  This  line^  if  the 
drawing  has  been  correctly  and  accurately  made,  is  parallel  to  ie. 

For  wind  on  right  side,  BC,  CD,  and  DP  Fig.  29(c)  represent 
the  loads  at  joints  (3),  (5)  and  (6)  respectively  and  PE  and  EB 
the  right  and  left  reactions;  then  BCDPEB  is  the  polygon  for  th€l 
loads  and  reactions.  The  point  B  is  also  marked  A  and  O  because 
there  are  no  loads  at  joints  (2)  and  (1). 

The  polygon  for  joint  (6)  is  DPEID,  EI  and  ID  representing 
the  stresses  in  ei  and  t^  respectively.  The  polygon  for  joint  (5)  is 
CDIHC,  IH,  and  HC  representing  the  stresses  in  ih  and  he  respect- 
ively.  The  polygon  for  joint  (3)  is  BCHGB,  HG,  and  GB  repre- 
senting  the  stresses  in  hg  and  gb  respectively.  The  polygon  for 
joint  (2)  is  BGFAB,  FA  representing  the  stress  in  /iij  and  since 
OF  equals  zero  there  is  no  stress  in  ^. 

At  joint  (1)  there  are  three  forces,  the  left  reaction,  AF  and 
the  stress  in  /e.     This  third  force  must  close  the  polygon,  so  w« 


Pig  la 

join  F  and  E  and  this  line  represents  the  stress  in  /e.     If  the 
work  has  been  accurately  done,  FE  will  be  parallel  toy<?. 

EXAMPLE  FOR  PRACTICE. 

Analyze  the  truss  represented  in  Fig.  26  for  wind  pressure, 
the  distance  between  trusses  being  15  feet.  (See  Ex.  3,  Page  27, 
for  apex  loads.)  Assuming  both  ends  of  the  truss  fastened  to 
the  supports,  the  reactions  are  both  parallel  to  the  wind  pressure 
and  the  reaction  on  the  windward  side  equals  6,707  pounds  and 
the  other  equals  3,053  pounds. 
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Ant. 


Stress  Record  for  Wind  Left. 


MMibsr. 

Strau. 

IS 

-8.500 

14 

+  8.600 

45 

+  8,600 

24 

0 

S3 

-5.000 

25 

-  6,080 

35 

+  2,800 

36 

-  6,080 

66 

0 

67 

+  4,200 

68 

-6,200 

67 

0 

78 

+  4,200 

V.    COMPOSITION  OP  NON-CONCURRBNT  FORCES. 

80.  Graphical  Compoaitlofi.  As  in  compotition  of  eoDcarrent 
•jttemSy  we  first  compound  any  two  of  the  forces  by  means  of  the 
Triangle  Law  (Art.  0)^  then  com{>oand  the  resultant  of  these  two 
forces  with  the  third,  then  compound  the  resultant  of  the  first 
three  with  the  fourth  and  so  on  until  the  resultant  of  all  has  been 
found.  It  will  be  seen  in  the  illustration  that  the  actual  construc- 
tions are  not  quite  so  simple  as  for  concurrent  forces. 

Example.  It  is  required  to  determine  the  resultant  of  the 
four  forces  (100, 80, 120, and  60  pounds)  represented  in  Fig.  30  (a). 

If  we  take  the  100-  and  SO.pound  forces  first,  and  from  any 
eouTenient  point  A  lay  off  AB  and  BO  to  represent  the  magni- 
tudes  and  directions  of  those  forces,  then  according  to  the  triangle 
law  AC  represents  the  magnitude  and  direction  of  their  n*8ultant 
and  its  line  of  action  is  parallel  to  AC  and  passes  through  the 
|ioint  of  concurrence  of  the  two  forces.  This  line  of  action  should 
be  marked  ac  and  those  of  the  100-  and  SO.pound  forces,  ah  and 
he  respectively. 

If  we  take  the  120.pound  force  as  third,  lay  nil  CD  to  repre* 
sent  the  magnitude  and  direction  of  that  force;  then  AD  represents 
the  magnitude  and  direction  of  the  resultant  of  AC  and  the  third 
force,  while  the  line  of  action  of  that  resultant  is  parallel  to  AD 
and  passes  through  the  point  of  concurrence  of  the  forces  AC  and 
CD.  That  line  of  action  should  be  marked  ad  and  that  of  the 
third  foroecc/. 
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It  remains  to  compound  AD  and  the  remaining  one  of  the 
given  forces,  hence  we  lay  off  DE  to  represent  the  magnitude  and 
direction  of  the  fourth  force;  then  AE  represents  the  magnitude 
and  direction  of  the  resultant  of  AD  and  the  fourth  force  (also  of 
the  four  given  forces).  The  line  of  action  of  the  resultant  is 
parallel  to  AE  and  passes  through  the  point  of  concurrence  of  the 
forces  AD  and  DE.  That  line  should  be  marked  ae  and  the  line 
of  action  of  the  fourth  face  de. 

It  is  now  plain  that  the  magnitude  and  direction  of  the  re- 
sultant  is  found  exactly  as  in  the  case  of  concurrent  forces,  but 
finding  the  line  of  action  requires  an  extra  construction. 

31.  When  the  Forces  Are  Parallel  or  Nearly  5o,  the  method 
of  composition  explained  must  be  modified  slightly  because  there 
is  no  intersection  from  which  to  draw  the  line  of  action  of  the  re- 
sultant  of  the  first  two  forces. 

To  make  such  an  intersection  available,  resolve  any  one  of 
the  given  forces  into  two  components  and  imagine  that  force  re- 
placed  by  them;  then  find  the  resultant  of  those  components  and 
the  other  given  forces  by  the  methods  explained  in  the. preceding 
article.     Evidently  this  resultant  is  the  resultant  of  the  given  forces. 

Example.  It  is  required  to  find  the  resultant  of  the  four  paral- 
lel forces  (50,  30,  40,  and  CO  pounds)  represented  in  Fig,  31  (a). 

Choosing  the  30-pound  force  as  the  one  to  resolve,  lay  off  AB 
to  represent  the  magnitude  and  direct'on  of  that  force  and  mark 
its  line  of  action  ah,  Kext  draw  line^5  from  A  and  B  intersecting 
at  any  convenient  point  ();  then  as  explained  in  Art.  13,  AO  and 
OB  (direction  from  A  to  O  and  O  to  B)  represent  the  magnitude's 
and  directions  of  two  components  of  the  3()-j)0und  force,  and  the 
lines  of  action  of  those  components  are  parallel  to  AO  and  OB  and 
must  intersect  on  the  line  of  action  of  that  force,  as  at  1.  Draw 
next  two  such  lines  and  mark  them  </^>  and  oh  respectively.  Now 
imagine  the  30. pound  force  re  placid  by  its  two  components  and 
then  compound  them  with  the  50.,  40-  and  CO- pound  forces. 

In  the  conij){)sition,  the  sc'cond  component  should  bo  taken  as 
the  first  force  and  the  lirst  component  as  the  last.  Choosing  the 
50-pound  force  as  the  second,  lay  off  BC  to  represent  the  magni- 
tude and  direction  of  that  force  and  mark  the  line  of  action  he. 
Then  OC  (direction  O  to  C)  represents  the  magnitude  and  direc- 
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tion  of  the  resultant  of  OB  and  B(\  and  oc  (|)arallel  to  ()C  and 
pasBing  tlirough  the  point  of  concurrence  of  the  forcea  ()I^  and 
BC)  is  the  line  of  action. 

Choosing  the  40.pound  force  next,  hiy  off  CD  to  represent 
the  magnitude  and  direction  of  that  force  and  mark  its  line  of 
action  r//.  Then  ()D(diri^tion  O  to  D)  represents  tht^  nni^nitude 
and  direction  of  the  resultant  of  ()('  and  CD,  and  tul  qmrallel  to 
OD  and  passing  through  the  jK)int  of  concurrence  of  the  forces  OC 
and  CD)  is  the  line  of  action  of  it. 

Next  lay  off  a  line  DE  representing  the  magnitude  and 
direction  of  the  fiO-pound  force  and  mark  tin*  line  of  action  (U\ 
Then  OE  (din*ction  O  to  Ei  reprcsi*nts  the  magnitude  and  direc- 
tion  of  the  rt»sultant  of  OD  and  DE,  and  nt   (parallel  to  OE  and 
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r  ^ 


Iin*Xoolbft. 
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Fijj.  31 


passing  through  the  |H)int  of  c<incurrenct»  of  the  forces  OD  and 
DK)  18  the  line  (»f  action  of  it. 

It  n»niain8  now  to  comjK>und  the  la.^t  re>ultant  (<>E)  and  the 
first  com jKment  (.\(  >'.  .\E  n*[»rcsrnts  tin*  majjnitudi*  and  diriH*. 
tion  of  their  resultant,  and  a*  (  jiarallil  to  AE  au«l  p'i--iiig  through 
the  point  of  c<incurrence  of  the  forrrs  <>E  and  .\(>i  is  th«'  lin«»  of 
action. 

32.  Definitions  and  Rule  for  Composition.  1  hi>  |M>int  O 
(Fig.  31)  is  caHed  ay"/*,  and  tht*  liins  drawn  to  it  an*  calhsl 
riiyM.  Tlie  liiM'S  (»tt^(fh^  nc^  etc.,  an»  ralKd  >^////./.v  atid  >  '!> '  ( t  r*  J  tj 
the V  art*  calhnl  a  *//•/;///  ;>"///</"//.  Thf  -tiin.'  parallfl  to  thf  rav 
drawn  to  the  lH»irinnin«»' of  thf  fMn-i*  imi1\.'. -n  A«  \^  called  tin*  first 
string,  and  the  orn*  |»jirall»I  to  th**  ra\  drawn  to  th«*  ••ml  of  the 
(oroe  polygon  is  Ciilled  the  la-t  string. 
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The  method  of  construction  may  now  be  described  as  follows: 

1.  Draw  a  force  polygon  for  the  given  forces.  The  line 
drawn  from  the  beginning  to  the  end  of  the  polygon  represents 
the  magnitude  and  direction  of  the  resultant. 

2.  Select  a  pole,  draw  the  rays  and  then  the  string  polygon. 
The  line  through  the  intersection  of  -the  first  and  last  strings 
parallel  to  the  direction  of  the  resultant  is  the  line  of  action  of  the 
resultant.  (In  constructing  the  string  polygon,  observe  carefully 
that  the  two  strings  intersecting  on  the  line  of  action  of  any  one 
of  the  given  forces  are  parallel  to  the  two  rays  which  are  drawn  to 
the  ends  of  the  line  representing  that  force  in  the  force  polygon.) 

EXAMPLES  FOR  PRACTICE. 

1.  Determine  the  resultant  of  the  50-,  70-,  80-  and  120- 
pound  forces  of  Fig.  5. 

4        (  260  pounds  acting  upwards  1.8  and  0.1  feet 
'  \  to  the  right  of  A  and  D  respectively. 


loVf,  So  lbs. 

j.-a'__^  —  4-  -♦ 


4olbo. 


3o 


lo 


bs. 


Solbs. 


Fig.  32. 


15  lbs. 


2.  Determine  the  resultant  of  the  40-,  10-,  30-  and  20- 
pound  forces  of  Fig.  32. 

.        j  80  pounds  acting  down  Ig  feet  from  left 

'  (  end. 

33.  Alu^ebralc  Composition.  The  algebraic  method  of  com- 
position is  best  adapted  to  parallel  forces  and  is  herein  explained 
only  for  that  case. 

If  the  plus  sign  is  given  to  the  forces  acting  in  one  direction, 
and  the  minus  sign  to  those  acting  in  the  opposite  direction,  the 
magnitude  and  sense  of  the  resultant  is  given  by  the  algebraic  sum 
of  the  forces;  the  magnitude  of  the  resultant  equals  the  value  of  the 
algebraic  sum;  the  direction  of  the  resultant  is  given  by  the  sign  of 
the  sum,  thus  the  resultant  acts  in  the  direction  which  has  been  called 
plus  or  minus  according  as  the  sign  of  the  sum  is  plus  or  minus. 
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« 

If,  for  example,  we  call  up  ])lii8  and  down  niiniis,  the  alge- 
braic Bum  of  the  forces  represenUii  in  Fig.  32  ia 

-  40  -:    10     30  -  20  -f  50     lo  r-  -  45; 

hence  the  resultant  equals  45  ])oun(irt  and  acts  downward. 

The  line  of  action  of  the  reaultant  is  found  by  nutans  of  the 
principle  of  moments  which  is  (as  explained  in  "Strength  of 
Materials'")  that  the  vimntut  of  tha  rvHultant  ([fumj  nuinhi^r  of 
fott^es  about  any  orttji/i  ttjufth  t/n*  ahj^hrair  ttu/tt  ofthti  vitfrnentJi 
of  the  yorcvn.  It  follows  from  the  principle  that  the  arm  of  the 
resultant  with  re8|M^t  to  any  (»rigin  e<juals  the  quotient  of  the 
algebraic  sum  of  the  moments  of  the  forces  dividtMl  by  the  result- 
ant; also  the  line  of  action  (»f  the  resultant  is  on  such  a  side  of  the 
origin  that  the  sign  of  the  nu)ment  of  the  resultant  is  the  same 
as  that  of  the  algebraic  sum  of  the  moments  of  the  given  forces. 

For  example,  choosing  O  as  origin  of  moments  in  Fig.  32, 
the  moments  of  the  forces  taking  them  in  thrir  onh*r  from  left  to 
right  are 

-  40X5  rr  -  2(K),  +  10x4  :-:    T    40,  -  HO  X  3         -  'M\ 
20x1-        20, -.50x2-         1(H),    +  15v3         Mo.* 

Hence  the  algebraic  sum  e(|uals 

2(K)    :    40     W      20      KM)    •    45  325  f(Hit-|H»und8. 

The  sign  of  the  sum  Inking  negative,  the  moment  of  the  n^sultant 
alwrnt  C)  must  also  Ih)  negative,  and  »ince  the  n*sultant  acts  down, 
its  line  of  action  must  l»e  on  the  left  side  of  (>.  Its  actual 
distance  from  O  equals 

325 

-.^-     :  7.22  fitt. 
4.) 

EXAMPLB5  FOR  PRACTICE. 

I.      Make  a  sketch  n*[»iesenting  livo  |»arallfl  forces,  2<H»,  150 
1(N),  225,  and  75  |M)unds,  all  acting  in   the  same  din*ction  and  2 
fet't  a|)art.      Determine  their  resultant. 

*  The  i^tudrnt  is  n»inindod  that  whrn  a  furo<*  tfiitls  to  turn  tha  UkIj  oo 
which  it  artM  in  thi*  rI(h<kwi.H<«  clinN*tion,  iiU>ut  th<«  h4*l«*«*t«-4l  (»ri^in,  itr*  nitinif«nt 
ia  a  giTen  a  pluaaiga,  and  when  counter-rlockwiM*,  a  miDim  siga* 
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iBesultant  =  750  pounds,  and  acts  in  the  same 
direction  as  tlie  given  forces  and  4.47  feet  to  the 
left  of  the  75 -pound  force. 
2.     Solve  the  preceding  example,  supposing  that  the  first 
three  forces  act  in  one  direction  and  the  last  two  in  the  opposite 
direction. 

iBesultant  =  150  pounds,  and  acts  in  the  same 
direction  with  the  first  three  forces  and  16.3  feet 
to  the  left  of  the  75 -pound  force. 
Two  parallel  forces  acting  in  the  same  direction  can  be  com- 
pounded by  the  methods  explained  in  the  foregoing,  but  it  is 
sometimes  convenient  to  remember  that  the  resultant  equals  the 
sum  of  the  forces,  acts  in  the  same  direction  as  that  of  the  two 
forces  and  between  them  so  that  the  line  of  action  of  the  resultant 
divides  the  distance  between  the  forces  inversely  as  their  magni- 
tudes. For  example,  let  F|  and  F2  (Fig.  83)  be  two  parallel 
forces.  Then  if  R  denotes  the  resultant  and  a  and  h  its  distances 
to  F|  and  F2  as  shown  in  the  figure, 

R  =  F,  +  F„ 
and  a  :  5  : :  F2  :  F}. 

34*  Couples.  Two  parallel  forces  which  are  equal  and  act  in 
opposite  directions  are  called  a  couple.  The  forces  of  a  couple 
cannot  be  compounded,  that  is,  no  single  force  can  produce  the 
same  effect  as  a  couple.  The  perpendicular  distance  between  the 
lines  of  action  of  the  two  forces  is  called  the  arm,,  and  the  product 
of  one  of  the  forces  and  the  arm  is  called  the  moment  of  the 
couple. 

A  plus  or  minus  sign  is  given  to  the  moment  of  a  couple 
according  as  the  couple  turns  or  tends  to  turn  the  body  on  which 
it  acts  in  the  clockwise  or  counter-clockwise  direction. 

VI.     EQUILIBRlUn  OF  NON-CONCURRENT   FORCES. 

35.  Conditions  of  Equilibrium  of  Non-Concurrent  Forces 
Not  Parallel  may  be  stated  in  various  ways;  let  us  consider  four. 
First: 

L    The  algebraic  sums  of  the  componentB  of  the  forces  along  each  of 
two  Unes  at  right  angles  to  each  other  equal  zero. 
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2.    The  algebraic  sum  of  the  moments  of  the  forces  about  any  origin 
equals  zero. 

Second: 

1.  The  sum  of  the  components  of  the  forces  along  any  line  equals  zero. 

2.  The  sums  of  the  moments  of  the  forces  with  respect  to  each  of  two 

origins  equal  zero. 

rhird: 

The  sums  of  the  moments  of  the  forces  with  respect  to  each  of  three 
origins  equals  zero. 

Fourth  : 

1.  The  algebraic  sum  of  the  moments  of  the  forces  with  respect  to 

some  origin  equals  zero. 

2.  The  force  polygon  for  the  forces  closes. 

It  can  be  shown  that  if  any  one  of  the  foregoing  sets  of  conditions 
are  fulfilled  by  a  system,  its  resultant  equals  zero.  Hence  each  is 
called  a  set  of  conditions  of  equilibrium  for  a  non -concurrent  sys- 
tem of  forces  which  are  not  parallel. 

The  first  three  sets  are  *' algebraic"  and  the  last  is  " mixed," 
(1)  of  the  fourth,  being  algebraic  and  (2)  graphical.  There  is  a 
set  of  graphical  conditions  also,  but  some  one  of  those  here  given 
is  usually  preferable  to  a  set  of  wholly  graphical  conditions. 

Like  the  conditions  of  equilibrium  for  concurrent  forces,  they 
are  used  to  answer  questions  arising  in  connection  with  concurrent 
systems  known  to  be  in  equilibrium.  Examples  may  be  found  in 
Art.  37. 

36.  Conditions  of  Equilibrium  for  Parallel  Non-Concurrent 
Forces.  Usually  the  most  convenient  set  of  conditions  to  use  is 
one  of  the  following: 

First: 

1.  The  algebraic  sum  of  the  forces  equals  zero,  and 

2.  The  algebraic  sum  of  the  moments  of  the  forces  about  some  origin 

equals  zero. 

Second : 

The  algebraic  sums  of  the  moments  of  the  forces  with  respect  to  each 
of  two  origins  equal  zero. 

37.  Determination  of  Reactions.  The  weight  of  a  truss,  its 
loads  and  the  supporting  forces  or  reactions  are  balanced  and  con- 
atitute  a  system  in  equilibrium.     After  the  loads  and  weight  are 
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ascertained,  the  reactions  can  be  determined  by  means  of  condi- 
tions of  equilibrium  stated  in  Arts.  35  and  36. 

The  only  cases  which  can  be  taken  up  here  are  the  following 
common  ones:  (1)  The  truss  is  fastened  to  two  supports  and 
(2)  The  truss  is  fastened  to  one  support  and  simply  rests  on 
rollers  at  the  other. 

Case  (i)    Truss  Fastened  to  Both  Its  Supports.    If  the  loads 

are  all  vertical,  the  reactions  also  are  vertical.  If  the  loads  are 
not  vertical,  we  assume  that  the  reactions  are  parallel  to  the  result- 

ant  of  the  loads. 

The  algebraic  is  usually  the  simplest  method  for  determining 
the  reactions  in  this  case,  and  two  moment  equations  should  be 
used.  Just  as  when  finding  reactions  on  beams  we  first  take  mo- 
ments about  the  right  support  to  find  tlie  left  reaction  and  then 
about  the  left  support  to  find  the  right  reaction.  As  a  check  we 
add  the  reactions  to  see  if  their  sum  equals  the  resultant  load  as  it 
should. 

Examples.  1.  It  is  required  to  determine  the  reactions  on 
the  truss  represented  in  Fig.  20^  it  being  supported  at  its  ends  and 
sustaining  two  vertical  loads  of  1,800  and  600  pounds  as  shown. 

The  two  reactions  are  vertical;  hence  the  system  in 
equilibrium  consists  of  parallel  forces.  Since  the  algebraic  sum 
of  the  moments  of  all  the  forces  about  any  point  equals  zero,  to 
find  the  left  reaction  we  take  moments  about  the  right  end,  and  to 
find  the  right  reaction  we  take  moments  about  the  left  end.  Thus, 
if  Ri  and  K^  denote  the  left-  and  right- reactions  respectively,  then 
taking  moments  about  the  right  end, 

(R,X  24)  -  (1800  X  15)  -  (600  X  15)  =  0, 

or  24R,=  27,000  +  9,000  =  36,000; 

hence  ^\  =  — 7^ —  =  1,500  j)ound8. 

Taking  moment  about  the  left  end, 

-  R,X  24  +  1,800  X  9  +  600  X  9  =  0 
or  24R,  =  16,200  +  5,400  .:::  21,600; 

hence  R|=  900  pounds. 
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As  a  chuck,  add  tho  reiu'tions  to  boo  if  the  huiii  e<|uala  that  of 
the  loads  as  should  be  the  case.  (It  will  be  notict*d  that  reactions 
on  trusses  and  bi^ams  under  vertical  loads  are  determincni  in  the 
same  manner.) 

2.  It  is  required  to  determine  the  n*actions  on  the  truss  rep- 
resented in  Fig.  2S  due  to  the  wind  |)n»s8ure«Hhown  (2,700,  5,1(X) 
and  2,700  pounds),  the  truss  bvMng  fastentnl  to  b(»th  its  supports. 

The  resultant  of  the  thnn)  loads  is  evidently  a  single  fon*e  of 
10,S00  pounds,  acting  a:9  shown  in  Fig.  84.     The  reactions  are 
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Fi»r.  34. 

paraUel  to  this  resultant;  let  K|  an<l  lU  donote  the  left  and  right 
reactions  res|>ectivi»ly. 

The  line  aht*  is  drawn  through  the  ]M>int  7  and  {H*r|R*ndicuIar 
to  the  dirtH*tion  of  the  wind  pressure;  henee  with  n's|Nvt  to  the 
right  sup|K)rt  the  arms  of  U|  and  resultant  wind  pn*ssure  are  itc 
and  //«*,  and  with  n*s]NS*t  to  the  h*ft  su]>{M)rt,  thoannsof  lU  and  the 
resultant  wind  pn*ssure  are  «/'*  an«l  itl.  These  diiTen*nt  arms  can 
be  measunnl  from  a  seule  drawing  of  the  truss  or  )m  rt>niputi*d  as 
follows:  Tlie  angle  17«i  tsjuiils  tin*  angle  417,  ami  417  was  shown 
to  be  TM)  degnM*s  in  Example  \\  Page  'Jf>.     Hence 

oi  -.  14  cos  'M)\  h^  ^^  *ZS  cos  :U)  \  4tc  -«  42  cos  'M\ 
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Since  the  algebraic  sums  of  the  moments  of  all  the  forces  acting 
on  the  truss  about  the  right  and  left  supports  equal  zero, 

Ri  X  42  cos  30^  =  10,800  X  28  cos  30°, 
and  R2  X  42  cos  30°  =  10,800  X  14  cos  80°. 

From  the  first  equation, 

10,800  X  28      „  ^^^ 
Rj  =      '     .,^  —  =^  7,200  pounds, 

and  from  the  second, 

'R^=  — - — j^— —  =  3,600  pounds. 

Adding  the  two  reactions  we  find  that  their  sum  equals  the  load  as 
it  should. 

Case  (2)  One  end  of  the  truss  rests  on  rollers  and  the  other 
is  fixed  to  its  support.  The  reaction  at  the  roller  end  is  always 
vertical,  but  the  direction  of  the  other  is  not  known  at  the  outset 
unless  the  loads  are  all  vertical,  in  which  case  both  reactions  are 
vertical. 

When  the  loads  are  not  all  vertical,  the  loads  and  the  reactions 
constitute  a  non -concurrent  non -parallel  system  and  any  one  of 
the  sets  of  conditions  of  equilibrium  stated  in  Art.  35  may  be 
used  for  determining  the  reactions.  In  general  the  fourth  set  is 
probably  the  simplest.  In  the  first  illustration  we  apply  the  four 
different  sets  for  comparison. 

JExamples,  1.  It  is  required  to  compute  the  reactions  on 
the  truss  represented  in  Fig.  29  due  to  the  wind  pressures  shown 
on  the  left  side  (3,100, 0,200  and  3,100  pounds),  the  truss  resting  on 
rollers  at  the  right  end  and  being  fastened  to  its  support  at  the  left. 

(a)  Let  Rj  and  Itj  denote  the  left  and  right  reactions.  The 
direction  of  R2  (at  the  roller  end)  is  vertical,  but  the  direction  of 
Rj  is  unknown.  Imagine  Rj  resolved  into  and  replaced  by  its 
horizontal  and  vertical  components  and  call  them  Rj'  and  Rj" 
respectively  (see  Fig.  35.)  The  six  forces,  R/,  R/',  R2  and  the 
three  wind  pressures  are  in  equilibrium,  and  we  may  apply  any 
one  of  the  sets  of  statements  of  equilibrium  for  this  kind  of  a 
system  (see  Art.  35)  to  determine  the  reactions.  If  we  choose  to 
use  the  first  set  we  find, 
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resolving  forces  along  a  horizontal  line, 

-  E;  +  8,100  cos  55°  +  6,200  cos  55°  +  3,100  cos  65°  =  0; 
resolving  forces  along  a  vertical  line, 

+  R/'  +  E,-  8,100  cos  35°-  6,200  cos  35°-  3,100  cos  35°  =  0  ; 
taking  moments  about  the  left  end, 

+  6,200  X  12.2  +  3,100  X  24.4  -  R,  X  40  =  0. 
From  the  first     equation, 

Ri'= 3,100 cos 55° +  6,200  cos  55°+ 3,100  cos  55°= 7,113 pounds, 

\3ioon» 


Fig.  35. 
and  from  the  third, 

^  ^  6,200  X  12.8  +  8.100  X  24.4  ^  ,  ,^^  ^^^ 

Substituting  this  value  of  II2  in  the  second  equation  we  find  that 

Rj  "  =  3,100  cos  35°  +  6,200  cos  35°  +  3,100  cos  35°  -  3,782 

=  10,156  -  3,782  =  6,374  pounds. 

If  desired,  the  reaction  Rj  can  now  be  found  by  compounding 
its  two  components  R|'  and  R|'\ 
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(i)     Using  the  second  set  of  conditions  of  equilibrium  stated 
in  Art.  35  we   obtain  the   following  three    "equilibrium  equa- 
tions "  : 
As  in  (1),  resolving  forces  along  the  horizontal  gives 

~Ri'  +  3,100  cos  55°  +  6,200  cos  55°  +  3,100  cos  55**  =«  0, 
and  taking  moments  about  the  left  end, 

6,200  X  12.2  +  3,100  X  24.4-R3X  40  =  0. 
Taking  moments  about  the  right  end  gives 

Ri"  X  40  -  3,100  X  "^  -  6,200  xT6  -  3,100  x"^  =  0 

Just  as  in  (a),  we  find  from  the  first  and  second  equations  the 
values  of  R/  and  R2.  To  find  R/'  we  need  values  of  the  arms 
a6j  i6,  and  cO.     By  measurement  from  a  drawing  we  find  that 

06  =  32.7,716  =  20.5,  and 76  =  8.3  feet. 

Substituting  these  values  in  the  third  equation  and  solving  for 
R,"  we  find  that 

3,100  X  32.7  +  6,200  X  20.5  +  3,100  X  8.3      ^  ^.^ 
Ki"  = -Tjz =  D,3o5  pounds. 

(c)     Using  the  third  set  of  conditions  of  equilibrium  stated 
in  Art.  35  we  obtain  the  following  three  equilibrium  equations  : 
As  in  (/>),  taking  moments  about  the  right  and  left  ends  we  get 

Rj"  X  40-3,100  X  32.7-6,200  X  20.5-3,100  X  8.3  =  0, 

and         -  R2  X  40  +  6,200  X  12 . 2  +  3,100  X  24. 4  =  0. 

Choosing  the  peak  of  the  truss  as  the  origin  of  moments  for  the 
third  equation  we  find  that 

Ri'  X  14  +  Ri"  X  20-  3,100  X  24.4-6,200  X  12.2  -  R3  X  20  =  0. 

As  in  (J)  we  find  from  the  first  two  equations  the  values  of  R/'  and 
Rg.     These  values  substituted  in  the  third  equation  change  it  to 

R/  X  14  +  6,373  X  20-3,100  X  24.4  -  6,200  X  12.2  -  8,782  X 

20  =  0 
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^,      -<Un3x  20  4  3,l()0x  24.4  +  6,200  x  12.2  +  3,782  X  20 

=  7,104.* 

(d)  WbeD  using  the  fourth  eet  of  coDditioDs  we  always 
determine  the  reaction  at  the  roller  end  from  the  moment  equa- 
tion. Then,  knowing  the  value  of  this  reaction,  draw  the  force 
polygon  for  all  the  loads  and  reactions  and  thus  determine  the 
magnitude  and  direction  of  the  other  reaction. 

Taking  moments  alnuit  the  left  end,  we  find  as  in(a),(i),and 


Fir.  36. 


Fir.  37. 


(c)that  li^  -—  :{,7S2.  Then  draw  AB,  KC  and  CD  ^Fig.  3«)  to 
represent  the  wind  loadn,  and  DE  to  ri*])reseut  It».  Since  the  force 
polygon  for  all  the  forces  nnint  clone,  £A  represents  the  magni- 
tude and  dirtH:tion  of  the  left  reaction;  it  scales  0,550  pounds. 

2.  It  is  rtMjuired  to  determine  the  reactions  on  the  truss  of 
the  preccnling  illustration  when  the  wind  hlows  from  the  right. 

The  metluMls  employiHl  in  the  pnHHHlin^  illustration  might  be 
used  here,  hut  we  explain  another  which  is  very  simple.  The 
truss  and  its  loads  uro  rt*prt*8ent(Kl  in  Fi^.  'M,  Evidently  the 
resultant  of  the  thret^  wind  loads  e<juals  ll.\4(H)  ]K)unds  and  acts  in 
the  same  line  with  the  C,200]K)un<l  hmd.  If  wo  imapne  this 
resultant  to  n*plac*e  the  thrtM^  Ioa<ls  wo  may  re^rd  the  truss  acted 
ujKin  by  three  forces,  the  rJ,4(K).jH>und  force  and  tlio  n^actions, 
and  these  three  force-*  as  in  iMjuilibrium.      Now  when  thn*o  forces 

*  The  Might  difTfrfncrs  in  thv  an^worH  obtaintHl  frum  the  different  sets 
of  e(|Utlibrium  (Hiustiooa  are  due  to  inaccurAciefi  in  the  meaiiured  arms  of 
aoaie  of  the  fortes. 
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are  in  equilibrium  they  must  be  concurrent  or  parallel,  and  since 
the  resultant  load  (12,400  pounds)  and  II2  intersect  at  O,  the  line 
of  action  of  K^  must  also  pass  through  O.  Hence  the  left 
reaction  acts  through  the  left  support  and  O  as  shown.  We  are 
now  ready  to  determine  the  values  of  Rj  and  E2.  Lay  oflF  AB  to 
represent  the  resultant  load,  then  from  A  and  B  draw  lines 
parallel  to  E^  and  ^y  and  mark  their  intersection  C.  Then  BO 
and  CA  represent  the  magnitude  and  directions  of  R^  and  R, 
respectively;  they  scale  6,380  and  8,050  pounds. 


y^^  zz^ 


p^ 


Fig.  38. 
EXAMPLE  FOR  PRACTICE. 

1.  Determine  the  reactions  on  the  truss  represented  in  Fig.  26 
due  to  wind  pressure,  the  distance  between  trusses  being  15  feet, 
supposing  that  both  ends  of  the  truss  are  fastened  to  the  supports. 

.  j  Reaction  at  windward  end  is  6,682^  pounds. 

(  Reaction  at  leeward  end      is  3,037J  pounds. 

VII.     ANALYSIS    OF  TRUSSES   (CONTINUED) ;    METHOD  OF 

SECTIONS. 

38.  Forces  In  Tension  and  Compression  ilembers.     As  ex- 

plained  in  "  Strength  of  Materials  "  if  a  member  is  subjected  to 
forces,  any  two  adjacent  parts  of  it  exert  forces  upon  each  other 
which  hold  the  parts  together.  Figs.  38  (a)  and  38  (J)  show  how 
these  foTcz^  act  in  a  tension  and  in  a  compression  member.  F*  is 
the  force  exerted  on  the  left  part  by  the  right,  and  F"  that  exerted 
on  the  right  part  by  the  left.  The  two  forces  F'  and  F"  are  equal, 
and  in  a  tension  member  are  pulls  while  in  a  compression  member 
they  are  pushes. 

39.  Method  of  Sections.  To  determine  the  stress  in  a  mem- 
ber of  a  truss  by  the  method  explained  in  the  foregoing  (the 
"method  of  joints*'),  we  begin  at  one  end  of  the  truss  and  draw 
polygons  for  joints  from  that  end  until  we  reach  one  of  the  joints 


188 


STATICS 


63 


to  which  that  member  is  connected.  If  the  member  is  near  the 
middle  of  a  long  truss,  snch  a  method  of  determining  the  stress 
in  it  requires  the  construction  of  several  polygons.  It  is  some- 
times desirable  to  determine  the  stress  in  a  member  as  directly  as 
possible  without  having  first  determined  stresses  in  other  members. 
A  method  for  doing  this  will  now  be  explained  ;  it  is  called  the 
method  of  sections. 

Fig.  89  (a)  is  a  partial  copy  of  Fig.  16.  The  line  LL  is  in- 
tended to  indicate  a  "  section  '*  of  the  truss  "  cutting  "  members 
24y  84  and  36.  Fig.  89  (b)  and  (c)  represents  the  parts  of  the  truss 
to  the  left  and  right  of  the  section.  By  "  part  of  a  truss  '*  we 
mean  either  of  the  two  portions  into  which  a  section  separates  it 
when  it  cuts  it  completely^ 


Fig.  39. 

Since  each  part  of  the  truss  is  at  rest,  all  the  forces  acting  on 
each  part  are  balanced,  or  in  equilibrium.  The  forces  acting  on 
each  part  consist  of  the  loads  and  reactions  applied  to  that  part  to- 
gether with  the  forces  exerted  upon  it  by  the  other  part.  Thus  the 
forces  which  hold  the  part  in  Fig.  39  (5)  at  rest  are  the  1,500- 
and  3,000-pound  loads,  the  reaction  6,000  and  the  forces  which 
the  right  part  of  the  cut  members  exert  upon  the  left  parts.  These 
latter  forces  are  marked  F/,  F2'  and  Fg';  their  senses  are  unknowL. 
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but  each  acts  along  the  axis  of  the  corresponding  member.  The 
forces  which  hold  the  part  in  Fig.  39  (c)  at  rest  are  the  two  3,000- 
pound  loads,  the  1,500-poimd  load,  the  right  reaction  6,000 
poimds  and  the  forces  which  the  left  parts  of  the  cut  members 
exert  upon  the  right  parts.  These  are  marked  F^'',  F,''  and  F,'^; 
their  senses  are  also  unknown  but  each  acts  along  the  axis  of  the 
corresponding  member.  The  forces  F/  and  F^'',  F/  and  F/,  and 
Fj'  and  F,'^  are  equal  and  opposite;  they  are  designated  differently 
only  for  convenience. 

If,  in  the  system  of  forces  acting  on  either  part  of  the  truss, 
there  are  not  more  than  three  unknown  forces,  then  those  three  can 
be  computed  by  "applying"  one  of  the  sets  of  the  conditions  of 
equilibrium  stated  in  Art.  35.*  In  writing  the  equations  of 
equilibrium  for  the  system  it  is  practially  necessary  to  assume  a 
sense  for  one  or  more  of  the  unknown  forces.  We  shall  always 
laoooUat.  assume   thai   such   forces    are 

Omt j-^ 7CO    jndls     that     is,     act     away 

/    \  I  /         from    the    part    of    the    truss 

/  upon  which  they  are  exerted. 

/Pj  Then   if  the  computed  value 

/  of  a  force  is  plus,   the  force 

/  is    really    a    pull    and    the 

fAL 22! iii 5l      member  is  in  tension  and  if 

'  the  value  is  minv^,  then  the 

Fig.  40.  force  is  really  a  push  and  the 

member  is  in  compression. 
To  determine  the  stress  in  any  particular  member  of  a  truss 
in  accordance  with  the  foregoing,  **pass  a  section"  through  the 
truss  cutting  the  member  under  consideration,  and  then  apply  as 
mai^y  conditions  of  equilibrium  to  all  the  forces  acting  on  either 
part  of  the  truss  as  may  be  necessary  to  determine  the  desired  force. 
In  passing  the  section,  care  should  be  taken  to  cut  as  few  members 
as  possible,  and  never  should  a  section  be  passed  so  as  to  cut  more 
than  three,  the  stresses  in  which  are  unknown;  neither  should  the 
tliree  be  such  that  they  intersect  in  a  point. 


*If,  however,  the  lines  of  action  of  the  three  forces  intersect  in  a  i>oint  then 
thn  statement  is  not  true. 
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Examples.  1.  It  is  required  to  determine  the  amount  atid 
kind  of  stress  in  the  member  24  of  the  truss  represented  in  Fig. 
39  (a)  when  loaded  as  shown. 

Having  determined  the  reactions  (6,000  pounds  each)  we  paas 
a  section  through  the  entire  truss  and  cutting  24;  LL  is  such  a 
section.  Considering  the  part  of  the  truss  to  the  left  of  the 
section,  the  forces  acting  upon  that  part  are  the  two  loads,  the  left 
rea^'tion  and  the  forces  on  the  cut  ends  of  members  24,  Si^and  36 
(F/,  F,',  and  F,').  ¥^  can  be  determined  most  simply  by  writing 
a  moment  equation  using  (3)  as  the  origin,  for  with  respect  to 
that  origin  tlie  moments  of  F,'  and  F,'  are  zero,  and  hence  those 
forces  will  not  appear  in  the  equation.  Measuring  from  a  large 
scale  drawing,  we  find  that  the  arm  of  F/  is  7  feet  and  that  of 
the  3,000-pound  load  is  3.5  feet.     Hence 

(F/  X  7)-f  (6,000  X  14)-(1,500X  14)- (3,000  X  3.5)- 0 

^,       -  (6.000  X  14)  +  (1,500  X  14)  4-  (3,000  X  3.5)  ^  _^ 

or  Tj   = ~ =  —  7,oUU 

The  minus  sign  means  that  F/  is  a  push  and  nut  a  pull,  hence  the 
memlier  24  is  under  7,500  pounds  compression. 

The  stress  in  the  member  24  may  Ik?  computed  from  the 
part  of  the  truss  to  the  right  of  the  section.  Fig.  39  (c)  repre- 
sents that  part  and  all  the  forces  applied  to  it.  To  determine 
F,*'  we  take  moments  about  the  intersection  of  F/  and  F/. 
Measuring  from  a  drawing  we  find  that  the  arm  of  V^"  is  7  feet, 

that  of  the  load  at  joint  (4)  is  7  feet, 
that  of  the  Kmd  at  joint  (5)  is  17 .  '>  feet, 
that  of  the  Unul  at  joint  (7)  is  2S  ft»et, 
and  that  of  tlie  rt»a<*tion  is  2.S  feet. 

Hence,  assuming  Fj*  to  lie  a  pull, 

— (F/  X  7)4- (3,000  X  7)4  i3,0(K)  X   17.:>j4  (l,riK)  X  2s)— (6,000 

X  2S)       0. 

,,^       (3.(KK)  X  7)4  (3,000  X  17.:))  i  lU'iOO  X  2S)  -  (6.0(K)  X2«) 
or  pj"  =  ^ —  ..i 

—  7,500 

The  minus  .sign  means  that  F,*  is  a  pu.sli,  lienct'  tlie  memlier 
24  is  under  comprt\s.si(»ii  of  TJtiH)  |M»nnds,  a  resuh  agn^eing  with 
that  previou.sly  fouiwi. 
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2.  It  is  required  to  find  the  stress  in  the  member  gh  of  the 
truss  represented  in  Fig.  25,  due  to  the  loads  shown. 

If  we  pass  a  section  cutting  hg^  gh  and  he^  and  consider  the 
left  part,  we  get  Fig.  40,  the  forces  on  that  part  being  the  2,000- 
pound  load,  the  left  reaction,  and  the  forces  Fj,  F2  and  Fs  exerted 
by  the  right  part  on  the  left.     To  compute  F2  it  is  simplest  to 

use  the  condition  that  the  algebraic  sum 
of  all  the  vertical  components  equals  zero. 
Thus,  assuming  that  F2  is  a  pull,  and 
since  its  angle  with  the  vertical  is  30^, 

F,  cos  30° -2,000  +  3,000  =  0;  or, 


F  = 


2,000  -  3,000   - 1,000 


=  -1,154. 


Sooolbs. 


Fig.  41. 


COS  30^        ~    0.860 

'  (*Q  The  minus  sign  means  that  F2  is  a  push, 
hence  the  member  is  under  a  compression 
of  1,154  pounds. 
3.     It  is  required  to  determine  the  stress  in  the  member  bg 
of  the  truss  represented  in  Fig.  25,  due  to  the  loads  shown. 

If  we  pass  a  section  cutting  hg  as  in  the  preceding  illustra. 
tion,  and  consider  the  left  part,  we  get  Fig.  40.  To  compute 
Fj  it  is  simplest  to  write  the  moment  equa- 
tion for  all  the  forces  using  joint  5  as 
origin.  From  a  large  scale  drawing,  we 
measure  the  arm  of  Fj  to  be  13.86  feet 
hence,  assuming  F^  to  be  a  pull, 

Fj  X  13.86  -  2,000  X  8  +  3,000  X  10  =  0 ;  /^ 


N  26"34^\ 


2f'_  2,000  X  8  -  3,000  X  16  _  -  32,000    |4ooolbs-  ^ 

■^1  —  1  '-^  WA  -  ""mTTT  Pig  42. 


(47 


13.86 


~     13.80 
=  -2,310. 

The  minus  sign  means  that  Fj  is  a  push;  hence  the  member  is 
under  a  compression  of  2,308  pounds. 

The  section  might  have  been  passed  so  as  to  cut  members  hg^ 
fg^  andyi?,  giving  Fig.  41  as  the  left  part,  and  the  desired  force 
might  be  obtained  from  the  system  of  forces  acting  on  that  part 
(3,000,  2,000,  Fi,  Fo,  and  F3.)  To  compute  F^  we  take  momenta 
about  the  intersection  of  Fj  and  F3,  thus 
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l\  X  13X5  -  2,000  X  8  -I   3,000  X  ir>  =  0, 

118  Ib  the  Bame  ecjuation  as  was  obtaiDed  in  the  first  soIntioDy 
and  hence  leads  to  the  saiiiie  n'sult. 

4.  It  is  riMjuired  to  determine  the  stress  in  the  member  12 
of  the  truss  ri*{)n'8ont(*d  in  Fig.  2(>,  due  to  the  loads  shown. 

Passing  a  Bei*tion  cutting  meml)ers  12  and  14,  and  consider* 
ing  the  left  Jjart,  we  pet  Fig.  42.  To  determine  P',  we  may  write 
a  moment  e<juation  pn'fenihly  with  origin  at  joint  4,  thus: 

F,  X4.47   ;   4,(M>0  >    10r^()«; 


or, 


-4,000x10 

r,  r^ .^   -  - :  :  -  S,04S  TK>unds, 

4.4 1  * 


the  minus  nign  meaning  that  the  stress  is  compressive. 

F|  might  Ik)  determine<l  also  hv  writing  the  algebraic  sum  of 


the  vertieal  com|H)nentH  of  all  tlio  fon^*s  on  tho  h*ft  ]tart  equal  to 
lero,  thus: 

F,  sin  2tr:U'    i   4,(HK)::=  0; 


or. 


.4,000  -4,000 

*»      Hiu'2r.   AV       "0.447"  '-'   "  ^»^^^' 


igrtwing  with  the  first  result. 

EXAMPLES  FOR  PRACTICE. 

1.  T>t*t(*rmine  by  tho  methcxl  of  s^Hrtions  the8tn*SM»s  in  mem« 
bers  23,  2r>,and  4.')  of  the  truss  repn*S4*nte4l  in  Fig.  2(>,  due  to  the 
loads  shown. 

i  StresB  in  23  :    -  H/tOO  pounds, 
Ans.  •  Stn*s8  in  25"^.-  ~  3,350  |N)unds. 
'  Stn*88  in  45  ~  4-  8,000  |k>od<k 

*  The  arm  of  F|  with  rwpc«ct  to  (I)  id  4.17  feet. 
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2.     Detennine  the  stresses  in  the  members  12, 15, 84,  and  56 
of  the  truss  represented  in  Fig.  27,  due  to  the  loads  shown. 

Stress  in  12  =  - 11,170  pounds, 
Stress  in  15  -^  +  10,000  pounds. 
Stress  in  84  =  -  8,940  pounds, 
Stress  in  56  =  +  6,000  poundfl. 


Ans. 


1900 


40.  Complete  Analysis 
of  a  Fink  Truss.  As  a  final 
illustration  of  analysis,  we 
shall  determine  the  stresses 
in  the  members  of  the  truss 
represented  in  Fig.  43,  due  to 
permanent,  snow,  and  wind 
loads.  This  is  a  very  com- 
mon type  of  truss,  and  is 
usually  called  a  "  Fink "  or 
"French"  truss.  The  trusses 
are  assumed  to  be  15  feet 
apart;  and  the  roof  covering, 
1^  including  purlins,  such  that  it 
weighs  12  pounds  per  square 
foot. 

The  length  from  one  end 
to  the  peak  of  the  truss  equals 

l/l5»  +  30^  =  1/  i;i25  =  33.54  feet, 
hence  the  area  of  the  roofing  sustained  by  one  truss  equals 

(33.54  X  15)  2  =  1,006.2  square  feet, 
and  the  weight  of  that  portion  of  the  roof  equals 

1,006.2  X  12  =  12,074  pounds. 
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The  probable  weight  of  the  tmss  (steel),  according  to  the  formula 
of  Art.  19,  ia 

16  X  60  (:5g  +  1)=  3,060  pounda. 

The  total  permanent  load,  therefore,  equals 

12,074  +  3,060  =  15,134  pounds; 

the  end  h>ads  equal  -^i^  of  the  total,  or  050  |)ound8,  and  the  other 
apex  loa^ls  ecjual  ^  of  the  total,  or  1,000  ]K)und8. 

Dead  Load  Stress.  To  determine  the  dead  load  atroaioa, 
construct  a  stress  diagram.  Evidently  each  reaction  equals  one-half 
the  toUl  load,  that  is  7,000  jKUinds;  therefore  ABCDEFGHIJKA 
(Fig.  44A)  is  a  polygon  for  all  the  loails  and  reactions.  First,  we 
draw  the  polygon  for  joint  1;  it  is  KABLK,  BL  and  LK  repre- 
senting the  strt*ss  in  hi  and  Ik  (st^e  reconl  Page  72  for  values). 
Next  draw  the  jK)lygtm  for  joint  2;  it  in  T-BCMI-.,  CM  and  ML 
representing  the  8tre8st»s  in  rm  and  ////.  N«*xt  draw  the  polygon 
for  joint  8;  it  in  KLMXK,  MN  and  NK  reprt»8enting  the  stresses 
in  vin  and  itk\ 

At  each  of  the  next  joints  (4  and  5),  there  are  thrtv  unknown 
forct»8,  and  the  jK)lygon  for  neither  joint  <*jin  1k^  dniwn.  We  might 
draw  the  j»olygons  for  the  joints  on  the  right  side  corresj)onding 
to  1,  2,  and  3,  hut  no  more  until  the  stress  in  one  of  certain  mem- 
l)ors  is  first  determintHl  otherwise.  If,  for  instance,  we  determine 
hy  other  methiKls  the  stress  in  rk\  then  we  may  construct  the  poly- 
gon for  joint  4;  then  for  5,  etc.,  without  further  difliculty. 

To  detennine  the  stress  in  /X*,  we  j>ass  a  section  cutting  ril*, 
yr,  and  <y,  and  consider  the  hft  part  (st»e  Tig.  44').  Tlie  arms 
of  the  loads  with  resj>t*ct  to  joint  8  are  7.5,  15,  22.5^  and  30  feet; 
and  hence,  assuming  F|  to  Ik*  a  pull, 

-F^  y  15     l/.MMi   .   7.5     1/.MH>   .    15-l,t>00  X  22.5-950x80 

-i    7,«;<M)  ,.    30  .     (I;  „r, 

1,'.*<M>  .  7.r»    l.'MMi  .  ir,    l/.HM)y22.5-<>50xn()-4  7.^MK)x3() 
F.       -  J. 

_  7,000  pounda 

Sinct*  the  sign  of  F|  is  plus,  the  stn*ss  in  rk  Is  tensile. 
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Kow  lay  off  KK  to  represent  the  value  of  the  Btress  in  hf 
jnst  found,  and  then  construct  the  polygon  for  joint  4.  The  poly- 
gon is  KNORK,  KO  and  OR  representing  the  stresses  in  no  and 
or.  Next  draw  the  polygon  for  joint  6;  it  is  ONMCDPO,  DP 
and  PO  representing  the  stresses  in  dj>  and  j?o.     Next  draw  the 


3690  d 


aeso  c 


less  n 


R;,l0035Il39. 


*»• 


.^^''  \A 


w   ^ 


FGHIJ 


Pig.  45. 

polygon  for  joint  6  or  joint  7;  for  6  it  is  PDEQP,  EQ  and  QP 
representing  the  stresses  in  eq  and  qj?.  At  joint  7  there  is  now 
but  one  unknown  force,  namely,  that  in  qr.  The  polygon  for  the 
three  others  at  that  joint  is  ROPQ;  and  since  the  unknown  force 
must  close  the  polygon,  QR  must  represent  that  force,  and  must 
be  parallel  to  qr. 
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On  MOOQot  of  the  Bymmetrj  of  loadiDg,  the  stress  in  any 
member  on  the  right  side  id  ju8t  like  that  in  the  corresponding 
member  on  the  left;  hence,  it  is  not  necessary  to  draw  the  diagram 
for  the  right  hulf  of  the  truss. 

Snow-Load  Stresa.  The  area  of  horizontal  projection  of  the 
roof  which  is  supportiKl  by  one  truss  is  00  X  13  =  000  square 
feet;  hence  the  snow  load  l)orne  by  one  truss  is  900  X  20  =  18,000 
pounds,  assuming  a  snow  load  of  20  pounds  per  horizontal 
square  foot.  This  load  is  nearly  1.2  times  the  dead  load,  and 
is  applied  similarly  to  the  latter;  hence  the  snow  load  stress  in 
any  meniK^r  equals  1.2  times  the  dead  hmd  stress  in  it.  We 
record,  therefore,  in  the  third  column  of  the  stress  record,  numbers 
equal  to  1.2  times  those  in  the  second  as  the  snow-load  stresses. 

Wind  Load  Stress.  Tlie  tanirtMit  of  the  angle  which  the 
roof  makes  with  the  horizontal  e<juals  j  J  or  i\  hence  the  an^Ie  is 
2C^  84',  and  the  value  of  wind  pressure  for  the  roof  equals 
practically  29  pounds  per  square  foot,  according  to  Art.  19.  As  pre- 
viously ex]>laintHl,  the  area  of  the  roof  sustained  by  one  truss  equals 
1,006.2  6<]uare  feet;  and  since  but  one-half  of  this  receives  wind 
pressure  atone  time,  the  wind  pressure  borne  by  one  truss  equals 

B03.1  X  29  =  14,os9.1>,  or  practically  14,600  pounds. 

When  the  wind  blows  from  the  left,  the  apex  loads  are  as 
representtnl  in  Fig.  4o'f,  and  the  n^sultant  wind  pressure  acts 
through  joint  6.  To  compute  the  reactions,  we  may  imagine  the 
se|)arato  wind  pressures  replaced  by  their  resultant.  We  shall 
suppose  that  both  ends  of  the  truss  are  fixed;  then  the  reactions 
will  be  parallel  to  the  wind  pressure.  Let  R|  and  JU  denote  the 
left  and  right  reactions  re8|)ectively;  then,  with  respect  to  the 
right  end,  the  arms  of  R|  and  the  resultant  wind  pressure  (as  may 
be  scaled  from  a  drawing)  are  ir..77  +  80.80  and  80.89  feet 
respectively;  and  with  n*s]MH!t  to  the  left  end,  the  arms  of  lUand 
the  resultant  wind  j>ressure  are  16.77  +  ^6.b9  and  1&77  feet 
respectively. 
Taking  moments  about  the  rignl  en  I  we  find  thai 

^  14,600  X  86.S9  +  R,X  (16.77  +  80.89)  =»  0; 

^       14,000  X  86.89       ^^^_^  , 
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Taking  moments  about  the  left  end,  ve  find  that 

14,600  X  16.77  -  R,X  (16.77  +  36.89)  =  0 ; 
14,600x16.77 


or. 


:  4,565  potindB. 


*^~  16.77  +  i 

To  determine  the  stresses  in  tbe  members,  wa  constmct  a 
stress  diagram.  In  Fig.  45^,  AB,  BC,  CD,  BE,  and  EF  represent 
the  wind  loads  at  the  snccessive  joints,  beginning  with  joint  1. 
The  point  F  is  also  marked  0,  H,  I,  and  J,  to  indicate  the  &ct 
that  there  are  no  loads  at  joints  9,  10,  11,  and  13.  JE  repreaenta 
the  right  reaction,  and  KA  the  left  reaction. 

We  may  draw  the  polygon  for  joint  1  or  12;  for  1  it  la 
KABLK,  BL  and  LK  representing  the  streases  in  bl  and  Ik.  We 
may  next  draw  tbe  polygon  for  joint  3;  it  is  LBCML,  CM  and 
ML  representing  the  stresses  in  cm  and  ml. 

Stress  Record. 


STRESSES. 

HKHBER. 

Doad  Load. 

Snoir  Loud. 

Wind  Lett. 

Wind  Sight 

Resnlt<...l. 

ReBulttnt. 

M 

-14,700 

-17,600 

-16.400 

15,000 

-  48.700 

-32300 

-13,700 

-16,100 

-15,900 

15,000 

-46.000 

-30.100 

dp 

-12,800 

-]5,HX) 

-  15,400 

15,000 

-  43.100 

-28.000 

eq 

-11,600 

-13,900 

-14.900 

15,000 

-40.400 

-36,600 

Im 

-  1,650 

-  2.000 

-  3.700 

0 

-   7350 

~  5350 

+  1,650 

+  2,000 

+  3,700 

0 

+  7350 

+  5,3.'J0 

-  3,300 

-   4,000 

-   7,400 

0 

-14,700 

- 10.700 

op 

+  1,850 

+  2,200 

+  4,100 

0 

+  8,150 

+  5,950 

Pi 

-  1,650 

-  2.0a' 

-   3.700 

0 

-   7^50 

-  6,350 

"^ 

h  5,000 

U  6,000 

-1 

hll,000 

0 

-22,000 

hI8.000 

-3,400 

^4.100 

H 

-  7,400 

0 

■14,900 

■10,800 

ki 

■13,300 

-16,000 

■i8;«)c 

+  6.100 

-17,600 

1-31,600 

kn 

■11,300 

-13,600 

- 

14,200 

+  6.100 

■39,100 

1-25,500 

kr 

■ 

■  8.000 

r  9.600 

■6.100 

+  fl.l0O 

-23,700 

17.600 

kv 

■ll^X) 

-13.600 

- 

■6,100 

-(-14.200 

39,100 

26,600 

kx 

-13,300 

-16,000 

- 

-ClOO 

+18,300 

-47,600 

31,600 

■ 

■3,100 

-4.100 

0 

+  7,400 

+14.900 

10300 

■ 

■  5,000 

-  6,000 

0 

-Hll.ono 

+22,0CO 

.16.000 

■t 

-   1,650 

-  2,000 

0 

-3,700 

-   7,350 

-  63S0 

tu 

+1,S50 

+  2,200 

0 

+  4.100 

+  8.150 

+  5,950 

-  3,300 

-  4.0OO 

0 

-  7,4ai 

- 14.700 

- 10,700 

+  1,650 

+  2,000 

0 

-  3.700 

+  7350 

+  5350 

ICX 

-   1,650 

-  2,0(:n) 

0 

-  3.700 

-  7,350 

-  5350 

f* 

-11,600 

-13,900 

1.^,000 

-14.900 

-40,400 

-26,500 

SL 

-12,600 

-15,100 

i.i.ooo 

-15.400 

-43.100 

-28.000 

-13,700 

- 16,400 

l.'i.OOO 

-15,900 

-46,000 

-30,100 

to 

-  U,700 

-17,000 

lu,(MX) 

- 18,400 

-48,700 

-32300 
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We  may  draw  next  the  polygon  for  joint  8  ;  it  is  KLMNK,  MN 
and  NK  representing  the  stresses  in  m/^and  nJc.  No  polygon  for  a 
joint  on  the  left  side  can  now  be  drawn,  but  we  may  begin  at  the 
right  end.  For  joint  12  the  polygon  is  JKXU,  KX  and  XI 
representing  the  stresses  in  Ix  and  a*/. 

At  joint  11  there  are  three  forces  ;  and  since  they  are 
balanced,  and  two  act  along  the  same  line,  those  two  must  be  equal 
and  opposite,  and  the  third  must  equal  zero.  Ilence  the  point  X 
is  also  marked  W  to  indicate  the  fact  that  XW,  or  the  stress  in 
jrtr,  is  zero.  Then,  too,  the  diagram  shows  that  WII  equals  XI. 
Having  just  shown  that  there  is  no  stress  in  xw^  there  are  but 
three  forces  at  joint  13.  Since  two  of  these  act  along  the  same 
line,  they  must  be  e<jual  and  opposite,  and  the  third  zero.  There- 
fore the  point  W  id  also  marktMl  V  to  indicate  the  fact  that  WV, 
or  the  stress  in  wv^  equals  zero.  The  diagram  shows  also  that  YK 
equals  XK.  This  same  argument  appliinl  to  joints  1^,  15,  10,  and 
14  successively,  shows  that  the  stn^sses  in  at^  tu^  Wj  f/r,  and 
9r  respectively  equal  zero.  For  this  reason  the  point  X  is  also 
marked  FTS  and  R.  It  is  plain,  also,  that  the  stresses  in  ftf  and 
t*j  equal  those  in  irA  and  a*/,  and  that  the  stress  in  Ir  equals  that 
in  kv  or  kx.  Rememl)ering  that  we  are  discussing  stress  due  to 
wind  pressure  only,  it  is  plain,  so  far  as  wind  pn^ssun^  g^^es,  that 
the  intermediate  memlxTs  on  the  rii^ht  side  are  superfluous. 

We  may  now  resume  the  construction  of  the  polygons  for  the 
joints  on  the  left  side.  At  joint  4,  we  know  the  forces  in  the 
members  kn  and  Xv;  hence  there  are  only  two  unknown  forces 
there.  The  polygon  for  the  joint  is  KXOUK,  NO  and  OR  repre- 
senting  the  stressi*s  in  no  and  <»/',  T\w  ]>o1y^on  for  joint  6  may 
bedrawn  next;  it  is  ONMCDPO,  DI*  and  PO  repreM»nting  the 
stresses  in  (fj>  and  j^o.  The  jK)lv^on  f(jr  joint  r»  or  joint  7  may  be 
drawn  next ;  for  0  it  is  PDKQP,  KQ  an<i  C^P  rfj»res»*nting  the 
stresst'S  in  <'y  and  yy>.  At  joint  7  thrn*  is  but  one  unknown  force, 
and  it  must  cU)se  the  |K)Iy«^on  for  the  knoun  fom*s  thrre.  That 
polygon  is  ROPQ  ;  hence  C^U  represents  tho  unknown  fonv.  (If 
the  work  has  \hh*u  eornvtlv  and  accuratrlv  done.  Oil  will  be 
l^araUel  to  tjr\. 

When  the  wind  Wows  UjMjn  the  right  sidr,  the  values   of   the 
ctions,  and  i\u*  stresses  in  any  two  eorres|K»ntling  memliers,  are 
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reversed.  Thus,  when  the  wind  blows  upon  the  left  side,  the 
stresses  in  hi  and  ho  equal  18,300  and  6,100  pounds  respectively  ; 
and  when  it  blows  upon  the  right  they  are  respectively  6,100  and 
18,300  pounds.  It  is  not  necessary,  therefore,  to  construct  a  stress 
diagram  for  the  wind  pressure  on  the  right.  The  numbers  in  the 
fifth  column  (see  table,  Page  72)  relate  to  wind  right,  and  were 
obtained  from  those  in  the  fourth. 

4i.     Combination  of  Dead,  5now^,  and  Wind-Load  Stresflcs. 

After  having  f  jund  the  stress  in  any  member  due  to  the  separate 
loads  (dead,  snow,  and  wind),  we  can  then  find  the  stress  in  that 
member  due  to  any  combination  of  loads,  by  adding  algebraically 
the  stresses  due  to  loads  separately.  Thus,  in  a  given  member, 
suppose: 

Dead-load  stress  =  +  10,000  pounds, 

Snow-load      '*  =+15,000         " 

Wind-load     **  (right)  =  -  12,000         *• 
"  «  (left)     =  +   4,000 


Since  the  dead  load  is  permanent  (and  hence  the  dead-load  stress 
also)  the  resultant  stress  in  the  member  when  there  is  a  snow  load 
and  no  wind  pressure,  is 

+  10,000  +  15,000  =  +  25,000  pounds  (tension) ; 

when  there  is  wind  pressure  on  the  right,  the  resultant  stress 
equals 

+  10,000  -  12,000  =  -  2,000  pounds  (compression)  ; 

when  there  is  wind  pressure  on  the  left,  the  resultant  stress  is 

+  10,000  +  4,000  =  +  14,000  pounds  (tension) ; 

and  when  there  is  a  snow  load  and  wind  pressure  on  the  left,  the 
resultant  stress  is 

+  10,000  +  15,000  +  4,000  =  +  29,000  pounds  (tension). 

If  all  possible  combinations  of  stress  for  the  preceding  case  be 
made,  it  will  be  seen  that  the  greatest  tension  which  can  come 
upon  the  member  is  29,000  pounds,  and  the  greatest  compression 
^  2,000  pounds. 

In  roof  trusses  it  is  not  often   that  the  wind  load  produces  a 
"reversal  of  stress"  (that  is,  changes  a  tension  to  compression,  or 
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me4ver8a)\  but  in  bridge  trusses  the  rolling  loads  often  produce 
reversalfl  in  some  of  the  membi^rs.  In  a  rt*cord  of  stresf^t^s  the 
reversalB  of  8tn*88  should  always  bo  noted,  and  also  the  value  of 
the  greatest  tension  and  conipn>ssion  for  eaeh  one. 

The  numl>ers  in  the  sixth  column  of  the  rtH*ord  (Pa^e  72)  are 
the  values  of  the  gn^atest  resultant  stresri  for  eaeh  nieinlHT.  It  is 
sometimes  assumed  that  the  greatest  snow  and  wind  loads  will  not 
come  ii]>on  the  truss  at  the  same  time.  On  this  assum]>tion  the 
reanltant  stresses  are  those  given  in  the  seventh  eolumn. 

EXAMPLE  FOR  PRACTICi:. 

1.  Com])ile  a  complete  record  for  the  stn*sses  in  the  truss  of 
Fig.  24,  for  dead,  snow,  and  wind  loads.  See  £xam]>le  1,  Article 
27|  for  values  of  dt^ad-load  stn^sses,  an<l  Kxam])le  2,  Article  20, 
for  values  of  the  wind-load  stresses.  Assume  the  snow  load  to 
equal  1  2  tinu*s  the  dead  load. 

After  the  reconi  is  made,  compute  the  greatest  |K>ssible  stress 
in  each  meml)er,  assuming  that  the  wind  hmd  and  snow  IoimI  will 
not  lM)th  come  upon  the  truss  at  the  same  time. 

Tlie  greatest  resultant  stn^sses  an«  as  follows: 


Sfemlter  t    d/     |     /<*      I     (nj    t   /</  jh      I    hi         hr    |       iV      I     id 

Ranult-  III  I  '  I 

ant...  -ll.ftK)  f  I7.«ii>  10.40i»  s.sTr)     J  7.s:i»  s.s7.-»  n.mii  i  11, ft* » -13,850 

4a.  Truss  Sustalnlnjc  a  Roof  of  Chantcing:  Slope.  Fig  46 
representa  such  a  truss.  The  weight  of  the  truss  itself  can  be  esti- 
mat4*d  by  means  of  the  formula  of  Art.  T.*.  Thus  if  the  distance 
betWi*en  trussi'S  (Mpials  TJ  fi*«*t.  the  wi»i^lit  of  the  truss  (^^juals 

W-     12  X  :i2  (  [,I?  ■;    1)       sTo  iN»unds. 

The  weiicht  of  the  rooflnjc  espials  the  pHnluct  of  the  an*a  of 
the  roofing  and  the  weight  |M'r  unit  ar«-a.  The  area  eipiala  12 
times  the  sum  of  the  Irn^ths  of  the  ini*mlN*rs  r<.\  2^{,  ^U,  and  43, 
that  is,  12  X  3<'»5  =:  4:5s  stpiare  f«tt.  If  the  roofing  weighs  10 
jiounds  |M'r  sipiare  ftMtt,  then  the  weight  of  roofing  BUHtaintnl  by 
onotru^is  csjuals  43S  v  10  .  4.:i^0  pounds.  The  totid  di*ad  load 
then  equals 

b7G  +  4,:isO  ~  5,253  pounds; 
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and  the  apex  dead  loads  for  joints  2,  3,  and  4  equal: 

-J-  X  5,255=  1,314  (or  approximately  1,300) pounds; 
while  the  loads  for  joints  1  and  5  equal 

—  X  5,255  =  657  (or  approximately  650)  pounds. 

The  snow  loads  for  the  joints  are  found  by  computing  the 
snow  load  on  each  separate  slope  of  the  roof.     Thus,  if  the  snow 
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Fig.  4e. 

weighs  20  pounds  per  square  foot  (horizo  ntal),  the  load  on  the  portion 
12  equals  20  times  the  area  of  the  horizontal  projection  of  the  por- 
tion of  the  roof  represented  by  12.  This  horizontal  projection  equals 
8  X  12  (=  96)  square  feet;  snow  load  equals  96  X  20  (=  1,920) 
pounds.     This  load  is  to  be  equally  divided  between  joints  1  and  2, 

In  a  similar  way  the  snow  load  borne  by  23  equals  20  times 
the  area  of  the  horizontal  projection  of  the  roof  represented  by  23; 
this  horizontal  projection  equals  8  X  12  (  =  96)  square  feet  as 
before,  and  the  snow  load  hence  equals  1,920  pounds  also.  This 
load  is  to  be  equally  divided  between  joints  2  and  3. 

Evidently  the  loads  on  parts  34  and  45  also  equal  1,920 
pounds  each;  hence  the  apex  loads  at  joints  1  and  5  equal  960 
pounds  and  at  joints  2,  3  and  4,  1,920  pounds. 
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HOUSE  AT  PRAHDIGHAU,  MASSACHUSETTS,  AS  RSHODBLBD  FOR 
C.  LA  VERNE  BUTLER 

Frmok  Choulesu  Browo.  Architect,  Boalon.  MusutauHtta 
liana  on  Ihia  plaitet  houK  rant  tSOOO.    Taking  into  oonridcntion  Ihe  cbiiwea  mi 

L  _. ;^„  ,„j  raiiin*  the  nnf.  eU.,mD  eatirely  new  ' '-'  ■'•--  -■—  — '• 

ntWOO.    "'--• -" 
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The  wind  load  mnet  be  computed  for  each  slope  of  the  roof 
separately.  The  angles  which  12  and  28  make  with  the  horizontal, 
settle  practically  37  and  15  degrees.  According  to  the  table  of 
wind  pressures  (Art.  19),  the  pressures  for  these  slopes  equal 
about  35  and  20  pounds  per  square  foot  respectively.  Since  mem- 
ber 12  is  10  feet  long,  the  wind  pressure  on  the  37-degree  slope 
equals  10  X  12  X  35  =  4,200  pounds. 

This  force  acts  perpendicularly  to  the  member  12,  and  is  to 
be  equally  divided  between  joints  1  and  2  as  represented  in  the 
figure.  Since  the  member  23  is  8J  feet  long,  the  wind  pressure 
on  the  15-degree  slope  equals 

8J  X  12  X  20  =  1,980  or  approximately  2,000  pounds. 

This  pressure  acts  perpendicularly  to  member  23,  and  is  to  be 
equally  divided  between  joints  2  and  3  as  represented. 

The  stress  diag^ram  for  dead,  snow,  or  wind  load  for  a  truss 
like  that  represented  in  Fig.  46,  is  constructed  like  those  previously 
explained;  but  there  are  a  few  points  of  difference  in  the  analysis 
for  wind  stress,  and  these  will  be  explained  in  what  follows. 

Example.  Let  it  be  required  to  determine  the  stresses  in  the 
truss  of  Fig.  46,  due  to  wind  loads  on  the  left  as  represented. 

It  is  necessary  to  ascertain  the  reactions  due  to  the  wind  loads; 
therefore,  find  the  resultant  of  the  wind  pressures,  see  Art.  37;  it 
equals  6,120  pounds  and  acts  as  shown.  Now,  if  both  ends  of  the  truss 
are  fastened  to  the  supports,  then  the  reactions  are  parallel  to  the 
resultant  wind  pressure,  and  their  values  can  be  readily  found  from 
moment  equations.  Let  B^  and  K,  denote  the  left  and  right  reac- 
tions respectively;  then,  since  the  arms  of  R^  and  the  resultant 
wind  pressure  with  respect  to  the  right  end  equal  27.8  and  19.9 
feet  respectively, 

R,  X  27.8  =  6,120  X  19.9  =  121,788  ; 
hence,      Rj  ==  — '^n~Z —  =  4,380  pounds  approximately. 

Since  the  arms  of  R^  and  the  ^esultant  wind  pressure  with  respect 
to  the  left  support  are  27.8  and  7.9  feet  respectively, 

K,X  27.8  =  6,120  X  7.9  =  48,348  ; 
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hence,        ^2=  — o^To —  =  1?74:0  pounds  approximately. 

The  next  step  is  to  draw  the  polygon  for  the  loads  and  reactions  ; 
so  we  draw  lines  AB,  BC,  CD,  and  DE  to  represent  the  loads  at 
joint  1,  the  two  at  joint  2,  and  that  at  joint  3,  respectively  ;  and 
then  EF  to  represent  the  right  reaction,  (If  the  reactions  have 
been  correctly  determined  and  the  drawing  accurately  done,  then 
FA  will  represent  the  left  reaction.) 

The  truss  diagram  should  now  be  lettered  (agreeing  with  the 
letters  on  the  polygon  just  drawn),  and  then  the  construction  of 
the  stress  diagram  may  be  begun.  Since  this  construction  presents 
no  points  not  already  explained,  it  will  not  be  here  carried  out. 

EXAMPLE  FOR  PRACTICE. 

Analyze  the  truss  of  Fig.  46  for  dead,  snow,  and  wind  loads 
as  computed  in  the  foregoing,  and  compute  the  greatest  resultant 
stress  in  each  member  due  to  combined  loads,  assuming  that  the 
snow  and  wind  do  not  act  at  the  same  time. 


Stress  Record. 


I 


Mem- 
b<T. 

Dead. 

Snow. 

Wind  Left. 

Wind  Right. 

BdsolUiii. 

12 

-3,250 

-4,800 

-3,450 

-2,500 

-8.050 

23 

-2,700 

-4,000 

-2,850 

-3,100 

-6.700 

16 

+2,600 

+3,850 

+3,750 

+1,150 

+6,450 

26 

0 

0 

-2,000 

+1,250 

{    -2,000 
I  +1.250 

36 

0 

0 

+   450 

+   450 

+  450 

46 

0 

0 

+1.250 

-2,000 

J  +1,250 
J    -2,000 

56 

+2,600 

+3,a50 

+1,150 

+3,750 

+6,450 

43 

-2,700 

-4,000 

-3,100 

-2,850 

-6,700 

64 

-  3,250 

-4,800 

-2,500 

-3,450 

-8,050 
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1.  Classes  of  Roof  Trusses.  Roof  trusses  may  be  divided  into 
three  classes  according  to  the  shape  of  their  upper  chord.  These 
three  classes  are : 

(1)  Triangular  roof  trusses; 

(2)  Crescent  roof  trusses; 

(3)  Roof  trusses  other  than  these. 

Fig.  1  shows  various  forms  of  triangular  roof  trusses.  The 
Pratt  and  Howe  trusses  are  shown  respectively  by  a  and  6.  These 
trusses  obtain  their  name  on  account  of  their  web  bracing  being  of  the 
Pratt  or  Howe  type.  The  triangular  truss  in  most  common  use  is  the 
Finkf  next  to  which  is  the  Sam-tooth.  The  Fink  truss  is  built  in  a 
variety  of  forms,  as  shown  in  Fig.  1  (c,d,  ^, and/), c  being  for  spans 
up  to  60  feet;  e  for  spans  up  to  70  feet,  and  d  and  /  for  spans  up  to  80 
feet  and  over.  The  great  advantage  of  this  style  of  truss  is  that 
many  of  its  members  have  the  same  stress,  and  therefore  it  can  be 
constructed  more  cheaply  on  account  of  the  fact  that  a  large  amount 
of  the  same  sized  material  can  be  purchased  at  once. 

When  the  top  chord  of  a  roof  truss  becomes  bent  as  shown  in 
Fig.  2,  the  truss  is  called  a  crescent  roof  truss.  The  bracing  in  the 
crescent  roof  trusses  is  not  of  any  particular  form,  being  as  a  usual 
thing  built  of  members  which  can  take  either  tension  or  compression. 
This  is  made  necessary  by  the  fact  that  the  curved  upper  chord  may 
cause  either  tension  or  compression  in  the  webbing,  according  to  the 
angle  of  its  inclination  with  the  horizontal. 

Roof  trusses  which  do  not  come  under  cither  of  the  above  classes 
may  be  regarded  in  a  class  of  their  own.  To  this  class  belong  those 
trusses  which  are  somewhat  like  a  bridge  truss  in  that  the  two  chords 
are  horizontal  or  nearly  so.  The  ends  of  these  trusses  may  be  rec- 
tangular or  not.     For  various  types  of  this  class  of  truss,  see  Fig.  3. 

In  addition  to  the  above  classification,  which  is  based  on  the 
form  of  the  chords,  roof  trusses  may  be  divided  according  to  the 
manner  in  which  their  members  are  connected.    This  classification 
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..^.^'^gi^lW.^  ^^<<KI/D^  ,^<<^%^ 


a.  Pratt 


b.  Howo 


c  Common  Pink 


d  Common  Fink  ( loncj  span) 


e.  Modified  Pink  or  Pan  Truss 


t  Modified  Pink  orFan(long  span) 


North 


North  S 


g  Saw  looth  h  Ketchum's  Modified  SawTootV* 

Fig.  1.    Triangular  Roof  Trusses. 


Fig.  2.    Crescent  Koof  Trusses. 


(5f 


fT^T^    p^tT^'pT^KN^ 


Fig.  3.    Trusses  with  Chords  Almost  Parallel. 
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is  that  of  pin-cofinected  and  riveted.     For  a  definition  of  this,  and  for 
figiirps  showing  such  joints,  si»e  **Static8,"  pp.  22  and  23. 

Trusses  are  s<»ldom  built  as  pin-connecttHl  unless  they  are  of 
long  span,  since  roof  tniss4»s  are  comparatively  light,  and  pin-con- 
nected tnisses,  unless  of  considenihle  weight,  do  not  give  verj'  great 
stiffness. 

Riveted  roof  tnisses  are  ust^l  for  nearly 
all  practical  purposes,  since  they  give  great 
rigidity  under  the  action  of  wind  and  of  mov- 
ing loads,  such  as  cranes,  which  may  Im*  at- 
tachetl  to  them. 

2.  Physical  Analysis  of  Roof  Trusses. 
In  pin-connected  roof  trusses,  the  tension  mem- 
bers consist  of  I-bars  or  hkIs;  and  the  com- 
pression memU^rs  are  made  of  chaiuiels  or  angles  and  plates,  either 
j>lain  or  lattianl.  In  rivetiMl  tnisses.  l)oth  teiisicm  and  cH>mpre'ssion 
members  are  made  upof  an^^lesaiid  plates  or  a  c*onibination  of  the  two. 
Tlie  top  chords  of  nH)f  tniss«\s  of  nu»<lium  span  usually  omsist  of  two 
angles  placiNl  Iwiek  to  back.  If  the  stn'ss  U'itmies  t<M)  gn^at  to  be 
taken  up  by  two  angles  largiT  than  r»  by  ',\\  inches,  then  two  angl(\s  and 
a  plate  are  used  (^siv  Fig.  I ).     In  casi'  the  nnjf  truss  is  of  great  size  and 


for  Hi*avy  Siiv-MMi*, 


Flk'.  ^ 


FIk-  *< 


<*h«»r«l  s««tti..iiH  f..r  TrtiHxiN  ..?   I..»tiK  **i».in 

the  stnvssi's  an*  exceetlingly  hirp'.  th«-  <liurd  nirinUr  fpay  U*  built  up 
in  a  manner  s<»nH*\\hat  similar  to  a  bndp-  tniss.  U-ing  eoiistnieteil  of 
twoehannrls  an<l  a  plate,  or  foiiran^irs  and  \\\r\\-  platrs.  Figs.  .*»  and 
6  show  eross-M'elioiis  of  chonls  for  loiit:-s[>an  rivrt«il  truv^'s.  These* 
cross-si'etioiis  may  also  U*  usid  for  piii-<ofin«-<-n*<l  tni.ssi's. 

The  web  nu*nilKTs  of  a  tni^s  n.sually  roiisi>t  of  one  angle;  and 
if  this  is  insuflieient.  two  an^'lts  back  t<»  bark  an*  usitl.  Fig.  M), 
page  tM,  gives  a  diagram  of  a  nnif ,  and  shows  not  only  the  nx>f  trusses 
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but  also  various  other  parts  which  will  be  referred  to  in  the  succeeding 
articles. 

3.  Wind  Pressure  and  Snow  Loads.  The  wind  pressure  on  a 
flat  surface  varies,  of  course,  with  the  velocity  of  the  wind,  and  is  very 
closely  given  by  the  formula: 

P  =  0.004F* 

By  substituting  in  this  formula,  the  values  shown  in  Table  I  are  deter- 
mined for  given  velocities  in  miles  per  hour. 

TABLE  I 
Wind  Pressure  at  Various  Velocities 


Velocity 
(Miles  per  hour) 

Prrsdurk 
(Lbs.  per  square 

foot) 

Rkmarks 

10 

0.4 

Breeze 

20 

1.6 

Strong  breeze 

30 

3.6 

Strong  wind 

40 

6.4 

High  wind 

60 

10.0 

Storm 

60 

14.4 

Heavy  Htorm 

70 

19.6 

Hurricane 

80 

25.6 

it 

100 

40.0 

tt 

The  pressures  indicated  in  Table  I  are  perpendicular  to  the  direction 
of  the  wind.  When  the  wind  blows  on  an  inclined  surface,  the  wind 
is  assumed  to  be  acting  horizontally,  and  the  normal  component  on 

the  inclined  surface  is  deter- 
mined. This  component  is  not 
equal  to  the  horizontal  pressure 
times  the  sine  of  the  angle  of 
inclination,  as  one  would  sup- 
pose (see  Fig.  7),  hut  is  greater 
bv  a  small  amount.  Roofs  are 
usually  figured  on  a  basis  of  40 
pounds  pressure  on  a  vertical 
surface.  The  value  of  the  nor- 
mal component  for  a  horizontal  wind  pressure  of  40  pounds  per 
square  foot,  is  given  on  page  24  of  ''Statics,'*  and  is  here,  for  con- 
venience, reduced  to  the  normal  pressure  for  any  given  pitch. 


^"-^    H 


Fig.  7.    Theoretical  Determination  of 
Normal  Component. 
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Prmi 
J   ■ 

i  • 


Normal  Wind  PREtavKS 
.'{4   |m>uii<1m  (>cr  H4]uarr  foot. 

M)        "  

•  )/*  il  14  14  14 


<• 


4< 


If  the  normal  pn*fl.Hun*  (in  a  roof  niakiii>;  any  fith(*r  anf^le  with  the  hori 
Bontal  18  deAJrfd.  mt  "Statirs."  p.  21. 

The  determination  of  tlu\s<'  valtirs  is  InischI  for  the  most  part  on 
data  obtaim*<i  hy  ex|MTiment.  In  the  eompu  tat  ions  relative  to  the 
design  of  buildin|r$,  the  wind  is  usually  assumed  to  exert  a  pressun* 
on  the  walls  of  'M)  pounds  per  sc|uan*  f(M>t. 

The     snowfall 

50 


ijnd  Arid  Rec^ 


e   st">p  Zfirr*  :  *■  jn  S 


5J 


■     f 


varies  with  the  lo- 
culitv.  The  heav- 
lest  snow  loads 
which  come  u|)on  a 
roof  an*  not  alwavs 
in  the  localitv  of 
the  heaviest  snow- 
fall, since  a  (Hmi|>ar- 
atively  li^ht  snow- 
fall may  cKTur,  and 
if  this  Ls  followtnl 
hv  wind  and  sli^'t. 
the  n\sult  will  U*  a 
load  pvatly  in  vx- 
cvxi  of  the  snowfall  itself.  Tin'  miow  |(»aid  [ht  si|uan*  foot  of  nnif 
surfaa'  varies  with  the  pitrh  <if  tlu'  nnif.  and  will  U*  ^n^ater  the 
smaller  the  pitch.  'I'he  iet-  and  sU^-x  will  U*  (*iini[»arativrly  (i>n>tant. 
Fig.  S*  gives  values  of  snuw  and  Nht-t  \tKn\>  \\lii<"h  an*  n-<-nnunrnd(*d 
for  us*'.  It  is  rustnniary  U*  fiL^in'  (lir  snow  load  l»\  taking  il  a>  >o 
much  [MT  M|uan'  f<M>t  of  hori/ontai  projrction 

II.X.AMIM.r.S    I  OR    PRACTICI: 

1.  (\>input(*  thr  wind  |>^itirl  load  on  a  nntf  wIioni*  pitch  is  |. 
and  who.si*  |mn«l  l«-ni:ili  1^  l.'i  frrt.  tlir  diNtaiK-**  U-twiM-ri  tniNsr>  U'in^ 
16  feet. 

2.  (  omputr  the  SHOW  |>an4-l  load  for  tlif  trus>  of  l*n>l>lrni  KaUivr. 

•KrU'liuiu  «     s:«-«  i  Mia  ll-UMliittH      fll 


211 


6  ROOF  TRUSSES 

4.  Weights  of  Roof  Trusses.  The  weight  of  a  roof  truss  varies 
with  the  material  of  which  it  is  constructed,  the  span,  the  distance 
between  trusses,  the  pitch,  and  the  capacity  of  the  truss.  The  actual 
weight,  of  course,  cannot  be  determined  until  after  the  truss  is 
designed;  but  an  approximate  weight  may  be  obtained  from  any  of 
the  empirical  formulae  which  are  now  in  use.  Table  II  gives  the 
most  coHMnon  and  best  of  the  empirical  formulae,  together  with  the 
names  of  their  authors. 

TABLE  II 
Formula  Qivlns:  Weights  of  Roof  Trusses 


Formula 


Author 


3  /  /  \  ■ 

=  7  aM  1   +   jq)  Mansfield  Mcrriman 


W 

I 


^  =  "'*  (-21  +   6(X)o)-  '"°°^''"  *'"'"•'*• 

45    V         51/ a/  I 

W  -  2a A  +   ^)   Vl^-{-~?  ;C-  W.Bryan 

W  -  aZ  (0.06  /  +  0.6)  for  heavy  loads   \  '  r   V   Fow]*»r 

PT  =  a/ (0.04/  -f-  0.4)   "    light        "        )  ^^-^-^o^ieT 


E.  R.  Maurer,(p.  23,  "Statics") 
N.  C.  Ricker 
Milo  S.  Ketchum* 


In  the  above  formuhv, 

W  =  Weight  of  steel  in  truss,  in  pounds; 

P  =  Capacity  of  truss  in  pounds  per  square  foot  of  horizontal  projec- 
tion of  roof; 
r  =  Rise  of  peak,  in  feet; 

a  ="  Distance  center  to  center  of  trusses,  in  feet; 
/  =  Span  of  truss,  in  feet. 

ROOF  COVERINGS 

5.  The  roof  i.s  c()vert*cl  with  some  material  which  will  protect 
the  interior  of  the  building  from  the  action  of  the  elements.  This 
covering  may  consist  of  any  one  or  more*  of  the  materials  which, 
together  with  their  weights  pi^r  square  foot,  an*  indicated  in  Table  III. 
The  weights  here  given  for  materials  which  must  be  laid  iijK)n  sheath- 
ing, do  not  include  the  weight  of  the  sheathing,  which  is  given  sepa- 
rately. A  short  description,  together  with  necessary  information  for 
use  in  estimates,  will  now  be  given. 

♦  "Steel  Min  Buildin^^s. "  p  5 
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TABLE  III 
Approximate  Welj^hts  of  Roof  Coverings 


Material 


White  pine  sheathing  1  inch  thick 

Yellow  pine  sheathing  1  inch  thick 

Batten  sheathing,  4-in.  by  1-in. 

Slate 

Skylight  glass,  including  frame 

Tin 

Shingles 

Corrugated  steel 

Flat  tiles 

Corrugated  tiles 

Concrete  slabs 

Felt,  asohalt  and  gravel 

Felt  and  gravel 

Patent  roofings 

Sheet  steel 

Non-condensing  base 


Weioht  per  Square  Foot 


3  lbs. 

4  " 
2i  " 

10 


it 

n 
it 


10 
1 
3 
2 

12  to  25    " 

10    " 

35  to  50 

10 

10 

ito    IJ" 

li" 

1    " 


it 


^Q 


Fig.  9.    Method  of  Laying  Slate. 


Sheathing.  Sheathing  is  generally  laid  directly  upon  the  purlins 
(see  Article  6);  and  upon  this  are  laid  the  shingles,  slate,  tin,  or  tile. 
Sheathing  is  usually  made  of  a  single  thickness  of  planks,  1  to  2^ 
inches  thick,  laid  close  together.  In  some  cases,  however,  when 
batten  sheathing  is  used,  it 
is  spaced  from  2  to  4  inches 
apart.  This  has  the  advan- 
tage of  being  cheap  and  at 
the  same  time  allowing  good 
circulation  of  air  beneath 
the  roof  covering,  and  con- 
sequently dampness  due  to 

any  cause  will  soon  dry  out.     Batten  sheathing  is  much  used  where 
the  roof  covering  consists  of  slate,  shingles,  or  tile. 

Slate.  Roofing  slate  is  generally  of  the  characteristic  slaty  color, 
but  may  be  obtained  in  nature  in  greens,  purple,  reds,  and  other 
colors.  It  is  made  in  thicknesses  of  from  J  to  }  inch,  in  width.s  from 
6  to  24  inches,  and  in  lengths  from  12  to  44  inches.  The  12  by  IS  by 
i^^-in.  slate  is  probably  the  most  commonly  used.  Slate  should  be 
laid  as  shown  in  Fig.  9,  and  the  pitch  of  the  roof  should  not  be  less 
than  J.  If  the  pitch  of  the  roof  is  less  than  this,  the  lap  should  be 
made  greater  than  3  inches,  as  is  shown  in  Fig.  9.  The  lap  should 
be  increased  at  least  i  inch  for  every  ytif  ^^  pitch;  and  the  minimum 
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pitch  should  never  be  less  than  ^,  since  it  b  practically  impossible  to 
prevent  roofs  with  a  smaller  pitch  than  this  from  leaking,  especially 
if  a  strong  wind  is  blowing. 

The  number  of  different  sizes  of  slate  required  to  lay  100  square 
feet  of  surface,  and  also  their  weight,  are  given  in  the  handbooks  of 
the  various  slate  companies.  With  a  3-inch  lap,  it  takes  160  of  the 
size  and  thickness  mentioned  above  to  lay  100  square  feet,  and  the 
total  weight  of  this  square  is  650  pounds.  Slate  is  one  of  the  most 
durable  of  roofing  materials.  Its  first  cost  is  high,  being  from  5  to 
8  dollars  per  hundred  square  feet;  but  the  cost  of  maintenance  is 
almost  nothing,  since  it  is  affected  neither  by  the  elements  nor  by  the 
action  of  gases  or  acids.  In  case  the  roof  would  be  subjected  to  the 
action  of  gases  or  acids,  it  is  advisable  to  use  copper  slating  nails. 

Skylight  Glass.    Skylights  usually  consist  of  glass  about  ^  to 

First  Stage;         Rnished 

Joint  H/Solcler 

Solder 


^Sheathing  -^  Sheathing 

Fig.  10.   Tin  Laid  with  Flat  Seam.  Fig.  11.    Tin  Laid  with  Standing  Seam. 

}  inch  in  thickness,  supported  on  light  members  of  iron  or  galva* 
nized  iron  which  act  as  a  framework.  The  actual  weight  of  glass  of 
different  kinds  can  be  accurately  obtained  from  manufacturers'  cata- 
logues, and  the  student  is  referred  to  these;  they  may  be  had  by 
addressing  the  manufacturers  (see  Figs.  73  and  74). 

Tin.  This  is  made  by  coating  thin,  flat  sheets  of  iron  or  steel, 
either  with  tin  alone  or  with  a  mixture  of  tin  and  lead.  In  the  first 
case  the  product  is  called  bright  tinplate,  and  in  the  second  case  ieme 
plate.  Teme  plate  must  not  be  used  where  it  will  be  subjected  to  the 
action  of  acids  or  corrosive  gases,  since  the  lead  coating  is  rapidly 
destroyed,  and  then  of  course  the  iron  also. 

Tin  plates  come  in  various  sizes  and  thicknesses;  but  usually  112 
come  in  one  box.  The  most  commonly  used  is  a  sheet  20  by  28 
inches,  and  of  sheet  iron  of  No.  27  p^auge,  which  weighs  10  ounces  to 
the  square  foot.  This  is  marked  **IX."  If  the  box  were  marked 
"IC,"  it  would  indicate  that  the  sheets  were  of  No.  29  gauge  metal, 
which  weighs  8  ounces  to  the  square  foot.    The  value  of  the  roofing 


214 


ROOF  TRUSSES 
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depends  to  a  great  extent  upon  the  amount  of  tin  used  in  the  coating. 
This  will  vary  from  8  to  50  pounds  for  a  box  of  the  20  by  28-inch 
sheets. 

A  tin  roof  is  formed  by  fixing  together  a  number  of  these  sheets. 
The  sheets  may  be  connected  as  shown  in  Fig.  10,  or  as  shown  in  Fig. 
11.  In  the  first  case,  they  are  said  to  be  laid  with  a  flat  Mcam,  and 
in  the  second  case  they  are  said  to  be  laid  with  a  standing  seam.  Tin 
roofs  rot  out  ver}'  n^adily  unless  they  are  kept  painted.     If  a  new  coat 


Covers    Z4" 


Covers  24" 


30" wide  before  corrugotinq 


27i" 


It 


after 


II 


2  Cornuqation  5ide  Lap 


Covers  25V 


Covers  251i 


li  Corrugation  5ide  Lap 


Covers  26V 


Covers  Zbk 


I  Corruqation  5ide  Lap 

is  eivfn  thrm  rvrrv  (*«iuplf>  of  vt'iirs.  x\\v\  will  hi.st  fn>ni  twenty  to 

thirty  yrnr^. 

*   . 

Till  <iin  U*  laid  on  nxjfs  wImim-  pitch  is  vprj*  small »  say  ^,  The 
fintt  cfi.Nt  is  alM>ijt  as  nnicli  a>  that  of  slate,  but  the  c*ost  of  mainte* 
namr  is  vi-ry  hi^h 

Shingles.  Shiii^'lf  nM»fs  an*  very  M>ldniii  us<*<i  on  buildinfrs  for 
manufacturing  pur{M»scs.  for  tlu*  reason  that  they  take  fin*  (|uit«* 
readily,  Irak  <{uitc  easily,  aiul  n^piin*  n*nt*wal  t|iiittM>ften.  ShingWs 
are  from  \s  to  24  inrhes  long,  and  usually  nui  from  2  to  S  inches  in 
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width,  although  they  can  be  obtained  of  a  uniform  width  of  from  4 
to  6  inches.  They  are  laid  like  slate,  the  lap  being  made  4  inches  or 
more.  They  should  never  be  laid  on  roofs  whose  pitch  is  less  than  J. 
It  takes  about  from  800  to  1,000  shingles  to  lay  100  square  feet  of 
roof.  The  cost  is  about  $5.00  per  100  square  feet;  but  under  the  best 
conditions,  the  life  of  shingles  is  only  about  ten  years. 

Corrugated  Steel.  Corrugated  steel  is  made  from  flat  sheets  of 
standard  gauges,  and  may  l)e  either  galvanized  or  left  as  it  comes 
from  the  rolls.  The  corrugations  are  of  different  sizei;  and  widths; 
the  total  width  of  the  plates 
nms  from  24  to  28  inches, 
and  their  length  from  5  to 
10  feet,  varying  by  V  foot. 
The  sheet    most  used   for 


.S5v^^ 


Fig.  13.    Showlnp:  How  Sloel  Roofing  is 
Fastenetl  to  Purlins. 


roof  constniction  has  2.V-inch 
corrugations;  is  20  inches  wide 
after  cornigating;  and  will 
cover  a  width  of  24  inches 
with  one  lap  and  21  >  inches 
with  two  hips.  This  n)ofing 
should  l)e  laid  with  a  pitch  of 

not  less  than  J,  and  should  have  from  0  to  8  inches  la[)  at  the  ends. 

For  further  information  regarding  the  method  of  lapping  and  the 

width  covered,  see  Fig.  12. 

Corrugated  steel  is  fastened  either  din»ctly  to  wooden  purlins 

by  means  of  nails,  or  directly  to  iron  purlins  either  by  means  of  a 

bolt  and  clip  or  by  a  clinch  nail  (see  Fig.  1'^). 

It  is  often  advisable  to  know  the  strength  of  corrugated  steel 

when  supjx)rteil  at  certain  distances  apart  by  supjK)rts  jxTjxMidicular 

to  the  corrugations.     This  unsupported  length  determines  in  manv 

cases  the  spacing  of  the  purlins.     The  load  in  jK)un(ls  jxt  s(|uan»  foot 

which  can  Ix*  carried  by  a  plate  of  span  /,  parallel  to  the  corrugation, 

is  given  by  the  formula : 


W  = 


330jS  (ij 
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in  which, 


/  ~  rnsupportod  lonf^th  of  8h<»ot,  in  inrhca; 
i  -»  Thickn€»iw  of  iihiH»t,  in  inrhe«; 
»S  ■•  Allowable  unit-strow*; 
d  -»  Depth  of  corrufcation,  in  inchen. 


Tal)lr  IV,  ^vin^  (lata  n'hitive  to  anniji^attHl  shw'ts,  is  taken 
fnim  |m^f  172  of  the  PiK*k"t  Comjianioii  of  the  Carnepi*  Stet»l  Com- 
|mnv  (inlition  of  11K)2),  when*  also  other  valiial)Ie  information  is  pven. 

TABLE  IV 
Corrujcated  Steel  Data 


No     HT 
UlRMINOM  «U 


IS 


\Vri«iHT  IN'    I  iiA    p>  It    l(W)  8g    Ft    or   Uoor  wnr.s   I«4|D 
%« i  I  K  tt-iN    Km»  Usr  K\u  On»  CoitMrn^TiON.  2i-ln  . 


20 
'2'2 

'2i\ 


TifirKvr  w» 
(  1  iichiw  t 

5  ft 

Sii» 
0  ft 

a:»s 

Lir.   AM>   Lknotii 

7  ft            H  f I 

1 

or: 
9ft. 

:<4s 

10  ft 

0   fW;.'!  in. 

:vy:\ 

:<:»() 

:urt 

0  01**   •' 

27.". 

270 

2t\7 

2r.  1    i 

2r.2 

2t'»  I 
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Tiles.  One  of  the  most  <i>mmon  .sizi's  nf  plain  nM>finj:  tile  is 
lOl  inehes  li»n^  l»y  <»}  inches  witle  and  J  ineli  thick.  Tile  «>f  this  siz«' 
wei^h  alMMit  2\  |Muni(ls  each. 
'Ilieyan*  laid  with  a  hi|>  (M|ual  to 
on(*-half  their  leni^th.  Thev  mav 
l»e  laid  din*etly  n|M>n  plank 
.shtuithin^  in  a  manner  similar  t(» 
.shinj^les  or  slate,  t»r  they  may  U* 
lai«l  ilin'etly  n|x»n  pnrlin^  ix'** 
Fi^s.  It.  I.">,  and  U'h.  In  the 
(ir>t  eax*  thev  an*  naileij  din'ctlv 
ti>  the  sheathing,  and  in  the  N«(n»nd  ruM'  they  an*  ei»nneet«H|  with  the 
pnrlins  cithrr  with  <i»p|)er  win-  nr  elinrh  naiU.  Flat  tile>  an*  n>nally 
lai<l  in  ei-ment  :<i>rnipitet|  tiles  an*  made  .s4>  as  tn  ititerl<M*k.  and  eons**- 
tpiently  in  uu*^{  rax's  n^ipiin*  no  ctinent.  ihw  omveniemf  «»f  tlie 
tile  HHif  is  that  the  sk\li;:hts  may  U-  fi»nn«^l  l»y  laying  ^hixs  tile  in 
place  of  the  other. 

Tile  nM»fN  an*  vrry  suhstnntial;  l»nt  an*  very  costly,  in  n^pml  not 
«>nly  to  the  tiles  thems<*lves,  lint  alsti    in  regani  to  the  mhlitional 
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weiglit  required  in  tiie  trusses  I)y  reason  of  the  great  weight  to  be 
supported.  Tile  weigh  from  700  to  1,0(X)  pounds  per  100  square  feet 
of  roof  surface.  They  cost  from  $12.00  to  *4(I.OO  per  100  square  feet 
on  the  roof. 

Concrete  Slabs.  These  are  usually  mou'ded  directly  in  place 
by  suspending  forms  from  the  roof  trusses.  They  may  or  may  not  be 
reinforced,  and  in  any  case  are  usually  not  over  4  inches  in  thickness. 
Their  weight  is  about  50  pounds  per  square  foot.  Their  cost  is  from 
$10.00  to  $30.00  per  hundred  square  feet  of  roof  surface.  They  are 
expensive,  not  only  on  their  own  account,  but  also  fn^n  the  fact  that 
the  weight  of  the  roof  tnisses  must  lie  hiereased  h»  order  to  carry  the 
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weight  of  the  .slabs.     Concrete  njofing  may  Ix-  nseil  on  riHifs  wliich  are 
practically  flat,  \  inch  to  1  fiKit  Ix'Sng  .sufficient  pitch. 

Felt  and  Asphalt.  This  nxifing  is  hiiil  upon  shingles,  and  consists 
of  one  thickness  of  dry  felt,  tlin-c  or  four  thickne,ss<>s  of  n)ofing  foil 
well  coniente*!  tugi'ther  with  asphalt  ccnictit,  anil  laid  with  goi«l  laps 
where  they  join,  and  a  coating  of  fnmi  UHI  U>  200  ixiimds  of  asphalt 
[XT  IIM)  sipiare  feet  of  roof  surface.  l'|Hin  this  asi)halt,  while  hot, 
gravel  si'recne<l  through  a  'i-'im-h  mcsli  is  spread  in  the  ijuantity  of 
nlx.tit  I  r.f  a  culm-  van]  [xn-  UHI  s(|uan-  feet.  This  class  of  n.ofing 
.should  never  Ix-  laid  on  roofs  whose  |>il(h  is  gn-:ilcr  than  i.  since, 
when  heated  by  the  rays  of  the  sun,  the  asphalt  will  nui  an<l  deslniy 
the  surface.  It  gives  goixl  .^iti.sfaelion  on  roofs  whose  pitch  is  I'a. 
This  class  of  nx>fing  can  Ix'  Untght  in  n>lls,  and  in  (his  case  the  gravel 
is  extfcdingly  fine,  Ix-ing  screened  through  a  i-inch  mesh. 
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Fdt  and  Qravd  Roofing;.  This  nM)fin^  is  similar  to  thenl)Ove; 
only,  in  this  casts  tar  instead  of  asphalt  is  usimI  for  the  (vmentin^  con- 
stituent. This  HKifin^  iliH's  well  on  nnifs  of  flat  pitch,  and  should 
never  Ix*  use<l  on  nH)fs  whos4»  pitch  excee<ls  i.  It  (*an  also  U»  iMUi^ht 
in  rolls  n*a<ly  for  laying;,  in  whii'h  case  the  ^nivel  is  scnrntHJ  through 
a  l-inch  niesh.  The  pn»|)anHl  nH>fin^s  an*  ehea|M*r  than  thosi*  laid  hy 
hand;  hut  they  do  not  pve  pHxl  M'nice  unless  ^n»at  can*  is  taken 
to  fasten  them  down  S4'eun*lv.  In  economy  of  first  cost  and  main- 
tenance.  they  anMM|ual  to  or  In^tter  than  tin. 

Sheet  Steel.  This  should  not  U'  lai<l  on  a  pitch  less  than  }.  unless 
tluM-nds  an*  cementc'd  top'ther  when*  they  lap.  It  comes  iu  shet»ts  2S 
inches  wide  and  fn»m  4  to  12  fei't  Ion;:,  <>r  it  may  U»  purchased  in 
n>lls  2r»  inehes  wi<le  anil  alwiut  .V)  fret  loii^.  When  u.s<'d  in  slufts.  it 
may  U*  ha<l  with  standing  crim|K^I  i^lp-s,  in  which  caM'  it  is  laid  as 

Wood  NoilirKjStnps 

^Sheath. n<3  W.reNctt.nqJ        ^Asbestos 

Fltf  17.    M»Mh<Hl  of  Larlntf  Shift  Sto*»l  FIk  l».    Mfth<Ml  .»f  i.avinc  K«M>nnK  «»n  an 

shown  in  Fi^.  17.  In  easi-  it  <<»m<>  in  n»lis,  it  may  !«•  hiitl  in  the  .same 
manner  as  tin,  with  either  standin;:  M-anis  or  h<»ri/ontal  flat  ones  as 
.shown  in  Ki«;s.  10  ami  1 1.  Like  <'ornipit«»<l  >teel.  it  etnues  in  ditTeriMit 
puip's,  N«».  *J>^  iM'in;:  that  rnoNt  eoinin^udy  usihI.  It  ean  U»  laid 
ehea|x*r  than  tin,  on  a<'<'oinit  of  the  Ion;;  ImLTths  (»htainal)li'. 

Patent  HMilin^s  of  many  kiiuls  an-  on  the  market.  Thesi*  <«<mu» 
in  n>lls  usually  fn»m  2  f<it  to  .{  fti-t  wide,  and  c-oxer  aixint  200  xjuan' 
feet  of  nM>f  surfa<i\  Tlie  \t'A^\^  <»f  fnovi  (»f  t hex' covers  isaslnvstos, 
felt,  mapa-sia,  or  nihlM-r;  iuid  this  i^  tnatrti  with  either  asphalt,  tar, 
or  Mime  other  pn|mrati<»n.  an<l  in  Niifiu*  la-v^s  i>  i-ovrn^l  with  fine 
^nivel. 

Non-(Jondensinj(  Roofinjj.  In  eaxs  wlun*  a  metal,  slate,  or  tile 
nM)f  is  u.scil  withont  sheathin;;.  inoixtun*  is  liahle  to<*ondrns4' u|M)n  the 
und«*r  side  and  drip  on  the  IIiMir  UiH-ath.  TlnN  tan  U*  pn'vente<|  hy 
laving  ihr  material  u|mmi  an  aiit.-<<»nd«iisinj;  Iwisi-  (*onsistin^  of  a  layer 
«if  win*  netting  on  top  of  whirli  an-  plaeeil  one  or  luon*  sheets  of  ashes- 
ton  [m[ier  aUait  ,'|  inch  thick    Ml-  Fi^.  iSj. 
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6.  Rafters  and  Purlins.  Roof  trusses  are.  usually  connected 
by  beams  running  from  one  to  the  other.  These  Iwams  are  called 
purlins.  In  case  the  purlins  are  spaced  too  far  apart  to  lay  the  roof 
covering  directly  upon  them,  beams  are  placed  upon  the  purlins,  and 
on  these  beams  the  roof  covering  is  placed.     These  beams  are  called 

rafters.      Raft- 
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diis  vnsf;  say  rods  are  nsi-d,  as  shown  in   Fij;-  ' 
EXAMPLES    FOR    PRACTICE 


es    are   ; 
;       sufficiently 

close  together, 
tees  OT  angles.  Figs. 
19and  20  show  how- 
rafters  and  purlins 
are  placed.  Fig.  21 
illustrates  the  use 
of  purlins  made  of 
tee.s.  .\s  purlins  are 
inon-  rigid  about  an 
axis  [x-rpcndicular 
to  their  webs,  they 
are  liable  to  sag 
towanl  the  eaves 
at  Ihcir  center.     In 


1.     ('(ira 


rafli-r 


if  Ihe 


uirlili 


I   10  fi-ct  apart. 


the  rin)f  Pov.'riiiir  wikIis  10  jioiiinU.  ilii'  slu'iKluMK 
loari  jKT  Kquarc  fiiot  of  roof  .siirfiicc  VI  [loiiml.s. 

This  problem  may  W'  solved,  cither  by  assuming  the  si7.e  of  the 
rafters  and  computing  their  .spacing,  or  by  assuming  the  spacing  and 
computing  the  si/.c  of  the  rafters.  The  latter  nicthiHl  is  the  one  most 
commonly  used.     The  spacing  of  rafters  is  from  18  inches  to  4  feet. 
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The  common  spacing  is  2  feet.     The  weight  of  the  rafter  itself  is 
neglected  in  its  design. 

The  total  weight  per  square  foot  which  comes  on  the  rafter  is 
12  -f  10  +  4  =  26  pounds.  Since  each  rafter  carries  a  portion  of 
the  roof  10  by  2  feet,  the  total 
weight  on  one  rafter  is  10  X  2  X 
20  =  520  pounds.  The  moment 
created  by  this  weight  is  (520  X 
10  X  12)'  -r-  8  =  7800  pound- 
inches.    This  should  l)e  ecjuated  to 

S  I 

- —  .  Allowing  1  000  pounds  to  the 

c 

.  ,  .  Fig.  21.    Use  of  Purlins  Made  of  Tees. 

square  mch  as  the  unit-stress  on 

the    extreme    fibre,    and    noting    that    /  -^C  =  -      -^  ^  =  -— - 
there  results: 

6 

The  market  widths  of  rafters  are  li,  2,  3,  and  4  inches,  2  inches  being 
the  size  usually  employed.     Substituting  in  the  alx)ve  formula,  we 

have : 


Fig.  22.    Use  of  Sag  Rods  to  Prevent  Sagging 
of  Purlins  at  their  Center. 


d  =  \/46 . 8  -*-  2  =  4 . 8  inches. 

The  rafters  will  be  made  2 

by  6  inches,  since  this  is  the 

nearest  market  size.     If  a 

3-foot  spacing  of  rafters  was 

used,    the    required   depth 

would  be  5.02  inches,  and  a  2  by  6-inch  would  still  l)e  used.     This 

spacing  and  this  size  of  rafter  would  be  the  one  to  employ  in  the 

solution  of  the  above  problem. 

2.     Design  the  purlin  for  the  roof  of  Problem  1,  above,  if  the  trusses 
are  spaced  IG  feet  apart. 

The  rafters  are  spaced  so  close  together  that  their  own  weight, 
the  weight  of  the  roof  covering,  and  the  snow  load  may  be  considered 
as  uniformly  distributed  over  the  purlin.  The  total  weigh*  which 
comes  upon  one  purlin  is  the  weight  of  snow  and  roof  covering  on  t^ 
space  16  feet  long  and  10  feet  wide.     This  weight  is: 
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Snow  load  =  10  X  16  X  12  1  920  pounds 

Roof  covering  =  10  X  16  X  14  2  240       " 

16  rafters  6  by  2-in.,  10  feet  long,  at  3  lbs.  per  144  cu.  in.  480       " 

Total  4  640  pounds 
The  moment  caused  by  this  weight  is: 

(4  640  X  16  X  12)  -^  8  =  HI  360  pound-inches. 

The  determination  of  the  beam  which  will  be  used  to  withstand 

this  bending  moment  is  made  by  means  of  its  section  modulus.     The 

MI. 
formula  -^  =  -  is  used  in  the  design  of  beams.     The  values  of  / 
S       c 

and  c  are  constant  for  any  given  beam,  and  therefore  the  value  of 
/  ^  c  for  any  particular  beam  is  a  constant,  and  this  constant  is  called 
the  section  modulus.  It  is  therefore  evident  that  if  we  have  a  certain 
bending  moment  and  a  certain  allowable  unit-stress,  we  can  obtain 
the  value  of  the  section  modulus  by  dividing  the  moment  by  the 
allowable  unit-stress.  Then,  looking  into  one  of  the  steel  handbooks, 
the  beam  can  be  determined  which  will  have  a  section  modulus  equal 
to  or  slightly  in  excess  of  the  value  that  has  been  obtained  by  dividing 
the  bending  moment  by  the  unit-stress.  This  beam  will  be  the  beam 
which,  with  a  unit-stress  equal  to  the  one  assumed,  will  withstand  the 
bending  moment  under  consideration. 

The  handbooks  issued  by  many  of  the  steel  companies  are  indis- 
pensable to  the  intelligent  design  of  structural  steel.  That  issued  by 
the  Carnegie  Steel  Company  (edition  of  1003)  is  one  of  the  most  con- 
venient; and  since  it  will  be  frequently  referred  to  in  this  text,  its 
purchase  by  the  student  is  desired.  This  book  may  be  obtained  by 
addressing  the  Carnegie  Steel  Company  at  its  offices  in  any  of  the 
larger  cities.  The  cost  to  students  has  usually  been  50  cents;  to 
others,  $2.00. 

Assuming  an  allowable  unit-stress  of  18  000  pounds  per  square 
inch  on  the  extreme  fibre,  the  section  modulus  required  to  withstand 
the  bending  moment  of  111  360  pound-inches  is: 

18  000        ^     '^• 

Looking  in  the    Carnegie    Handbook  at    column  11  on  page  100, 

column  11  on  page  102,  and  column  9  on  page  104,  it  will  be  seen  that 

any  one  of  the  following  shapes  will  be  sufficient : 

One  5-inch  14.75-pound  I-beam; 
One  7-inch    9.75      *'       channel; 
One  4i  by  SyV  by  I'f-inch  Z-bar  weighing  17.9  pounds  per  linear  foot. 
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Instead  of  the  r>-inch  I-I)eam  as  pvcn  ul)ove,  a  r>-inch  12.25- 
pound  I-beam  with  a  sirtion  miMiulus  of  7.3  could  \n*  us(*<i,  and  would 
be  more  econominil,  .siiui*  it  is  less  in  wri;^ht;  and  it  would  also  be 
stiffer,  since  its  depth  is  ^n*ater  and  its  section  miNhihis  is  fn^*uter.  A 
comparison  of  the  alK)V(*  weif^lits  sliows  the  cliannel  to  Ik*  tlic  most 
economical,  since  its  wei^iit  is  c(>nsid('ral>ly  less  than  either  of  the 
other  two  shapes.  Channels  usually  makt*  the  most  economical  pur- 
lins; and  for  this  n^ason  no  other  shapes  an*  usually  inspi^cted,  the 
channels  \ie\ng  usimI  in  the  first  east*  without  U-in^  compared  with 
other  sections.  Inspection  of  column  11.  pap»  110,  Carnegie  Hand- 
book, shows  that  a  r»  by  4  by  J-ineh  an^le  could  haw  U*en  used  for  the 
purlin,  since  it  gives  a  section  nKxlulus  of  r»  2.').  Tlie  HTight  of  this 
angle,  23.6  pounds  per  linear  f(M)t,  shows  it  to  l)e  far  too  uneconomical 
to  employ. 

EXAMPLES    FOR    PRACTICE 

1.  De«ifcn  the  raftpr^  when  ihr  total  woieht  of  th<>  iinow  and  roof 
ooTeriDK  is  30  pounds  \m*t  s^piaro  foot.  .*iii«l  thr  purlins  an*  Mpared  15  feot  apart. 
Use  1  000  |Kiuii(l>  prr  iii|uar«-  inch  us  ili«*  allowalilt-  uiiit-Ntrt*.*)!*. 

2.  Dcdifcn  thr  purliitH  if  iIh*  trii>>rs  an*  I'J  f«*i«t  r«-iitiT  to  conter;  thr 
purlinH  are  iiparf'<I  S  fort  apart;  th«'  roof  r<tvrriri"  uh.ch  writ;))**  it  |Mitiiiiiii  per 
•quare  foot,  in  laid  U|M>ri  I-irirli  yrllnu  p  ri«>  vtii-uthiiii:  rcMtiiii;  <linTtIy  upon 
the  purlinn;  and  the  hmow  loatl  iH  10  |Kiiiiid.s  to  tht*  *i<|uarr  foot  of  roof  mirfaee. 
rue  IS  000  pounds  |mt  miuarr  inch  a.«  th<>  allowah!r  unit-Mrei*i«.  and  uae  a 
ohannel  for  the  purlin  hoc t ion. 

7.  Bracing.  In  onler  to  k<rp  the  nK»f  tnisse.s  errct,  hracinfr 
is  emphm^l  to  join  top'ther  their  top  ehonis  antl  also  tlu*ir  lM>ttom 
chonls.  Tliis  hmein;:  may  cimsist  rither  <»f  small  round  or  s(]uare 
hkIs,  or  it  miiy  eon.sist  of  anf^les.  The  latter  is  the  l)est  practice, 
since  it  gives  ^*at  rii;idity  to  tin*  strnrtun*;  and  in  fact  it  should  be 
used  in  all  castas  uhrn-  niadiint  ry  nf  any  kinti  is  attaehe«l  to  the 
tru.sses.  One  disadvanta^:i*  (»f  tlit*  nxl  hracin;:  is  tluit  ^nkI  (tmnec- 
tions  with  tin*  truNS4*s  ari>  usually  ditii  tilt.  Tht*  hracing  lietwirn 
the  lowf-r  rhords  i>  lighter  than  that  U'twifn  tin*  top  ehonis,  .since 
its  ofFuf  is  merely  to  pn*vi*iit  \il)r.iti«in.  whilr  that  U-twirn  tlie  up|ier 
chonls  must  take*  up  tin*  .stn'.vS4-.M*au^-d  hy  thr  wind  Mowing;  U[¥in  tlie 
ends  of  tlie  Imilding.  The  .stn  -i^is  in  i*;u-li  tif  thrv  classi's  of  lirue*ng 
can  only  I H'  appnixiinatfly  dti*  nniiu'd:  and  for  that  n*ason  it  luis 
bi*eomt*  etistomary  to  dttiTniine  their  .si('ti«Mi  l>y  jud^K*nt  rattier 
than  by  computation.     For  lower  choni  bracing,  single  angles  3  by 
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2  by  rj-inch  are  recommended;  and  for  upper  chord  bracing,  3  by 

3  by  T^j-inch  angles  should  be  used. 

It  is  not  customary  to  place  bracinj;  between  each  pair  of  trusses, 
but  to  place  them  between  each  alternate  pair  or  l)ctwccn  every  third 
pair  of  trusses.  Fig.  23  shows  several  ways  in  which  the  bracing  may 
be  inserted. 

8-  Economical  Spacing  and  Pitch  of  Trusses.  The  term  pitch 
which  has  been  used  in  the  preceding  pages  is  the  fraction  obtained  by 
dividing  the  span  into  the  height  of  the  truss  at  the  center  of  the 
span.  For  example,  if  a  truss  has 
a  span  of  CO  feet,  and  a  rise  of  12 
feet  at  the  center,  it  would  be 
said  to  have  a  pitch  of  j ;  if  the 
rise  were  15  feet,  the  pitch  would 
be  J;  and  if  the  rise  were  20  feet, 
the  pitch  would  be  J  The  pitch 
of  a  truss  is  seldom  expressed  in 
degrees  by  giving  the  angle  that 
the  top  chord  makes  with  the 
horizontal.  One  exccplion  is 
very  common.  It  is  to  use  the 
30°  pitch.  This  has  the  advan- 
tage of  making  the  height  i)f  the 
center  equal  to  one-half  the  length  of  one  side  of  the  top  chord — a 
fact  which  lends  itself  to  ease  in  making  the  shop  drawings. 

The  maximum  or  minimum  allowable  pitch  for  any  given  root 
depends  to  a  great  extent  upon  the  class  of  roof  covering  employed. 
For  pitches  required  for  any  given  class  of  roof  covering,  see  Article 
5,  p.  6.  It  might  be  noted  that  most  of  the  patent  roofings,  or  any 
roofing  in  which  tar  or  asphalt  is  an  ingredient,  should  nol  be  laid 
upon  roofs  with  a  pitch  gnealer  than  J,  or  J;  while  most  of  the  cover- 
ings whichconsist  of  steel  or  clay  pnHlucfs  require  pitelusof  J  or  over. 
Pitches  varying  from  i  to  J  have  very  little  effect  njwn  the  weight 
of  the  trusses.  This  is  true  only  for  (nisses  with  horizontal  lower 
chords.  If  the  lower  choni  is  cambered — that  is,  raised  above  the 
horizontal  position — it  greatly  increases  the  stresses  in  the  truss,  and 
consequently  the  weight  of  the  truss.  The  greater  the  camber,  the 
greater  the  weight  of  the  truss,  the  pitch  remaining  the  same.     If  the 
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camber  Is  constant,  then  the  ^'ater  the  stress<vs  (and  conscnjuentlv 
the  weight  of  the  tniss),  the  smaller  the  .pitch.  It  is  advistihle  not  to 
camber  the  lower  chonl  unU\ss  it  is  {positively  necessiirv.  A  cjinil)erc»f 
5  per  cent  of  the  span  will  incn»as<'  the  weight  of  the  tniss  fn)in  10  to 
40  piT  cent,  ac(t)nling  to  the  pitcli. 

Taking  all  things  into  consideration,  a  pitcli  of  ^  or  }  is  to  Ik? 
pn'ferreil  over  that  of  J  or  less,  sinc^',  after  the*  jntch  Uv'omcs  less 
than  J,  the  weight  of  the  tniss  incn'ases  ipiite  rapidly,  the  spiin  lieing 
ct)nstant. 

For  any  given  nK)f,  then*  is  an  ec'onomical  spacing  of  the  tnisses. 
Aj*  the  sjmcing  of  the  tniss«\s  increaM's,  the  weight  of  the  purlins  and 
bracing  per  s<jiian'  f(K)t  of  an»a  incn*ases.  while  the  weights  of  the 
tnissc^s,  the  columns  that  sup[x)rt  them,  and  the  girts,  or  memU^rs 
which  nin  fn)m  one  column  to  the  other  and  on  which  the  siding  of  the 
building  is  plact^l,  diK-reas^*.  The  most  eeonoinieal  sj>acing  of  the 
tnissi-s  is  such  as  will  make  the  ntst  of  the  alnivr  (|uantitics  a  mini- 
mum. It  is  eviflent  that  this  spacing  for  truss<s  which  n»st  u[)on 
masonry  supj)orts  will  U*  ililTen-nt  fn^m  the  s|>{icing  in  cas<*  they  rest 
u|Km  steel  columns.  Attentior.  is  calU'd  to  the  .statement  that  the 
sum  of  the  costs,  instead  of  the  .-..nn  of  the  weights  (»f  the  al^ive- 
mentioiUMi  (juantities.  shouM  U'  a  minimum.  This  !^  due  to  the  fact 
that  the  unit-c<»st  of  the  purlins  is  (»onsi(ivnd)ly  lc>s  than  that  of  the 
tnisM's,  it  U'ing  in  som  •  casivs  only  alH)ut  oin'-half. 

The  sjMicing  of  inissis  is  sim*  times  goveriml  by  liK*al  (*onditions, 
such  iis  the  placing  of  the  macliiiit  ry  in  the  building  and  the  pn)lmble 
|wisition  of  futun*  additions.  ('on>iilcring  the  Npacing  fnun  a  purely 
c<^»nomical  stafnl|>oint,  it  {>  pn>bably  well  to  space  tru.vs<\s  alM>ut  as 
iinlicattil  in    Tabic  \  . 

T\IU.I:    V 
Spaclnjf  of  Trus.scs 


S  r  V  N  .    J  N    K  •  »  r 


H  I'  M   :  N-l       IN      K»   •    T 


1(1   to  .vl) 

:;()  t<»  (»n 

r» )  III  « .  I 

7  *»   t..  \'A) 


IJ 


Th«'  ••paririi:  m«l:ral«    l   ui    I  :»!»!••    \    ih  f.»r   t  r  nrsL:  linr   r«Mif   tru-**!—  *>i  •«tu:il  M«t» 


885 


20  ROOF  TRUSSES 

one  span,  and  the  side  roofs  consist  of  different  spans  and  different  classes  of 
trusses — the  economical  spacing  may  be  somewhat  different,  and  is  usually 
less. 

The  best  method  of  determining  the  economical  spacing  is  either 
to  make  a  comparative  design  or  to  consult  the  back  volumes  of 
The  Engineering  Record ^  Engineering  News,  or  some  other  good 
engineering  periodicals.  Designs  of  buildings  which  have  been  con- 
structed are  frequently  given  in  these  periodicals;  and  from  these  the 
student  may,  in  addition  to  the  spacing  of  the  trusses,  obtain  much 
other  valuable  information  regarding  roof  construction. 

Bulletin  No.  16  of  the  University  of  Illinois  Experiment  Station 
gives  a  systematic  study  of  roof  trusses,  and  shows  the  effect  on  the 
variation  in  the  weights  of  rafters  and  purlins  due  to  a  variation  in  the 
length  of  span.  This  bulletin,  which  can  be  had  free  for  the  asking, 
should  be  in  the  hands  of  the  student.  It  may  be  had  by  addressing 
"The  Director,"  Engineering  Experiment  Station,  University  of 
Illinois,  Urbana,  Illinois.  A  most  valual)le  book  giving  a  systematic 
and  extensive  study  of  roof  trusses  and  mill  buildings,  is  ** Steel  Mill 
Buildings,"  by  M.  S.  Ketchum,  Engineering  News  Publishing  Com- 
pany, New  York,  N.  Y. 

9.  Stresses  in  Roof  Trusses,  and  Sizes  of  Members.  Stresses  in 
roof  trusses  of  any  form  can  be  computed  by  the  methods  of  ''Statics" 
(pp.  23  to  73).  On  account  of  the  ease  and  economy  of  manufacture, 
some  form  of  truss  is  usually  used  in  which  there  are  many  members 
with  equal  stresses.  The  Fink  truss,  or  some  modification  of  it,  is 
almost  universally  used  (see  Fig.  1,  c,  rf,  e^  /).  On  pages  21  and  22  are 
shown  some  forms  of  trusses,  together  with  the  pitches  which  are 
commonlv  used. 

The  stresses  in  the  various  meml)ers  due  to  a  vertical  panel  load 
of  one  jx)und  are  given.  To  obtain  the  stress  in  that  meml)er  due 
to  any  other  vertical  panel  load,  multiply  the  stress  here  given  by  the 
vertical  panel  load. 

For  example,  if  the  sti*esses  in  U^L^  (Fig.  24)  or  L^L^  (Fig.  31) 
due  to  a  panel  load  of  3  (K)0  jx)unds,  were  rec|uired,  they  would  be 
determined  as  follows: 

L\  Lj  (Fig.  24)     3  000  X  -  1 .7.S  =   -  5  11)0  pounds. 
7v„  L,  (Fig  31)     3  000  X  -f  5.00  =   +  15  000  pounds 

These  diagrams  are  esp)ecially  useful,  since  it  is  the  custom  of 
many  engineers  not  to  compute  the  stresses  due  to  wind,  snow,  and 
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Anqle  30*     i 


Fig.  S4. 


h  Pitch 
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Angle  30* 
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Fig.  r. 


V  Pitch 
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k  Pitch 
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h  Pitch 


Fig.  82. 


Fig.  88. 


k  Pitch 


^-  Pitch 


Fig.  84. 


Fig.  85. 


Angle  30 


Fig.  88. 


i^  Pitch 


Fig.  87.  Fig.  38. 

Analysis  of  Stresses  in  Various  Members  of  Fink  Truss  Due  to  Unit-Loads. 
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<U*ail  weight  of  nxif  tnjssi's  and  (n)Vf»rinps.  \n\i  to  cimiputc  the  stres«*s 
ihje  to  a  (leail  paiirl  loa<l  caiiscMl  l»v  M)  |>oun(ls  |xt  stinare  foot  of 
horizontal  |)n»j<'<  t on.  "^Fhe  stn'ss<»s  n*sulting  fn»ni  this  pitxtnlun' 
art'  vrrv  lu'arly  <Mjual  to  those*  pHxIucfil  l>y  eonsiderinj;  the  various 
loads-  as  snow.  «1(  a«l  load,  and  win<l — sefwnitely  or  together.  When- 
ever ditTerences  <Hinr,  they  an*  on  the  safe  si<le.  ex(vpt  as  note**!  lielow. 
ant]  in  the  uv\\  article,  in  eas<'  of  the  stn*sses  |>nMhiet*<l  l»y  the  iLsi*  of 
kiHi'-hracinj:. 

Ilie  I  Mini  I  loa<l  to  U-  ns«'d  when    10  }M)inids  |mt  sijuan'  ff»ot  t>f 
hori/><»ntal  pn»jeetion  i.setMisiilend.niayUMtJinputetl  fn»m  the  formula: 


in  which 


r 


/        Spa'i  f»f  lnis>.  in  ffM-t . 

'.  NuiiiImT  nf  p.'ilM'U  II)   tn|i  rhnni  (if    tru.ss. 


I'or  t  xaniplc.  let  it  U*  n'(juinM|  to  ctunpute  the  jwinel  load  P  f  >r 
the  tnisN  nf  I'i^'.  '2\  when  the  span  is  70  feet  and  the  distance  U»t\veen 
inivNi's  is  \i\  f«it.      Hen"  (I        H'l;/        70;  and  n        S. 

pi    .    1«,    .    7(1 


/' 


1«. 


f>4NI    {MMiti<l> 


The  tnivs  Nsnnid  then  U*  c<jnipute<l  for  a  virtical  |)iinel  h>ad  of  otUM) 
|>«»iiiid>.  and  the  nieniiwrs  designe<l  to  withstaml  the  stri\sse>  thus 
«»l>tain(  <!. 

'rhis  inrtho<i  is  applicahle 
to  all  NjKins  up  to  KKI  fi-et  when 
thr  truss  is  s4  t  on  niasimrv  wall> 

(»r  str<  I  I't.juinns  huilt  in  inaMui- 
r\  v.aljs   and   the  n»of  eiivrrin;^  is 

• 

of  ((.rni'Mtitj   ^it-i-l  or  anv  of  the 

onlinarN    maimaU.      W  hi-n-  clav 

lilr  mt  sjaii-  an-   Usid.  '>0  [»ounds 

>liould   \n-    laktii;   and    in   cas*-  of 

(i»ncnir  >lal»s.r».'.  jH.iuids  would  U   al>out  rij;lit.      It  is  U-iier  practice 

to   o»nij>utr    the    stnss4s   iliH-    t«»   \\iini.   snow,  and   dcati  loads  when 

cla\    tile,  slatf.  or  coiicn-tc  an-  us<*d. 

In  <aMs  uhrn*  tin-  nM>f  truss  is  placet!  on  steil  columns  and  is 
c^>mn  <  trd  with  tin-  column  l»v  a  knci-hracc  at  the  first  iomt  i  xt' 
Fig.  -i**  ,  stn>N«s  eaUM^ti  hy  the  overturning  action  t»f  the  wind  lake 
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place  in  those  members  shown  by  heavy  lines.  In  thb  case  the 
stresses  caused  by  40  pounds  per  square  foot  of  horizontal  projec- 
tion are  not  large  enough;  but  the  truss  will  be  safe  enough  if  the 
stresses  as  determined  by  the  40  pounds  are  increased  by  the 
amounts  indicated  in  Fig.  39, 

For  example,  let  the  truss  of  Fig.  24  be  supported  by  steel  columns 
and  knee-bracing.  Let  the  span  be  60  feet,  and  the  distance  between 
trusses  16  feet;  and  let  it  be  required  to  compute  the  stresses  in  L^ 
[7,  and  L,  [/..  Here  P=  (40  X  16  X  60)  -  8  =  4  800,  and  the  stresses 

L,  I/,  (0.87  X  4  800)  X  2.10  =  +  8  770  pounds. 
L,  Ut  {2.60  X4  800)  X  1.50  -  -f  18  700  pounds. 

In  addition  to 
the  above  condi- 
tions, shafting, 
heating  appara- 
tus, small  cranes, 
and  electric  wir- 
ing and  other  con- 
ductors are  often 
attached  to  the 
lower  chord  of  the 
truss.  These  cause 
additional  stress- 
es. The  case  is 
that  of  a  concen- 
trated load  or 
loads  at  the  lower 
choni,  and  the 
stresses  may  be 
compulcd  by  the 
mclhods  given  in 
"Statics." 

For  example,  let  a  5-ton  hoist  be  connected  as  shown  in  Fig.  40 
This  hoist  runs  longitudinally  of  the  shop,  or  perfx-ndicularly  to  the 
plane  of  the  roof  truss.  The  maximum  stress  in  Ihe  truss  due  to  this 
cause  will  occur  when  the  hoist  is  directly  beneath  the  truss.  The 
stresses  will  be  those  caused  by  a  load  of  10  000  pounds  at  the  second 
panel  point  of  the  lower  chord.     Fig.  40  gives  the  stress  diagram  for 
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TABLE  VI 
Hoist  Stresses  la  Fink  Truss 


IMember  1  Stress     iMember 

Stress 

L0U4. 

-15  350 

LzU4. 

+  IZ500 

LoLz 

+  13  700 

U4Lb 

-  6  900 

L'z  Lb 

+  6  100    |All  Others 

0 

this  condition,  and  Table  VI  pves  the  stress  nnxml.  Fn>m  this  it  is 
sc-en  that  the  hoist  d(x*s  not  affect  all  memUTs  of  the  truss.  The 
stresses  due  to  the  hoist  should  Ik?  addetl  to  those*  causeil  by  the  40 
pounds  per  s<juare  foot  of  horizontal  pn>jection.  and  the  meinl)er 
«Iesigned  acconlingly.  Of  course,  if  the  stress  cause<i  by  the  hc»ist 
.lecreas(»s  the  stn\ss  cause<l  by  the  40  [X)unds,  the  nicmlHT  must  l)e  de- 
sigm^d  for  the  stn\ssdue  to  the  40  |x)Uiuls. 

Note  that  ctincvntratiHl  loads,  as  in  the  case  of  the  hoist,  cause 
diffen*nt  stresM\s  in  symmetrical  meml)ers  on  the  two  sides  of  the 
truss.  In  the  final  desi^i,  the  meml)ers  an*  made  the  same,  l)eing 
designe<l  for  the  ^-atest  stn^ss.  This  is  done  for  the  sake  of  economy 
in  manufactun*;  an<l  U'sldcs.  it  might  l)e  desirable  to  change  the 
hoist  to  the  other  side  of  the  tniss. 

For  Fink  tnisMs  with  pitclu's  of  fnmi  J  to  },  and  spans  of  less 
than  100  firt,  very  li;;ht  angles  are  usually  n»<|uinHl  for  the  memliers, 
unless  heavy,  contrnt rated  loads  are  plaet'd  on  the  lower  ehonl.  The 
thickness  of  the  coruuelion  {)lates  is  s<4dom  mon*  than  I  inch,  the  top 
choni  angU*  seldom  gn'atiT  than  ')  by  lU-ineh.  the  lower  choni  angle 
seldom  greater  than  '^  by  .*i-incli ;  and  the  wrb  niemU-rs  an»  usually 
comjxi.sitl  of  angles  either  2  by  2-iiieh  or  '2\  by  iMineh.  It  appears 
to  U*  the  nde,  in  pnsent  pnictiet* ,  to  make  the  siz*\s  such  that  the 
thickness  shall  U*  J  or  ,^a  ineli.  Connection  plates  for  spans  up  to 
GO  or  70  f<*et  an*  usually  }  inch  thick.  ex(T»pt  in  the  case  of  that 
at  |x>int  L^. 

llie  stn*.ss<*s  in  knet*-braces  tle[N*nd  u[Mm  the  height  and  also  the 
width  of  the  building.  The  stn\ss<*s  may  U*  c^omputi'd  according  to 
the  methods  of  the  next  article,  and  the  knee-bracing  should  be 
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designed  accordingly.  The  inspection  of  a  number  of  plans  seems  to 
indicate  that  the  sizes  of  knee-braces  vary  from  two  angles  2^  by  2^ 
by  J-inch  for  spans  of  30  feet  and  a  height  of  building  of  35  feet,  to 
two  angles  4  by  3  by  yV'^^^ch  for  a  span  of  70  feet  and  a  height  of 
building  to  the  top  of  the  truss  of  75  feet. 

In  case  of  roof  trusses  with  the  chords  nearly  parallel  (see  Fig. 
3,  p.  2),  the  stresses,  on  account  of  the  small  depth,  are  usually 
quite  large,  and  much  heavier  members  than  above  mentioned  are 
required.  In  some  cases,  6  by  6-inch  angles  with  8-inch  plates  are 
used,  and  connection  plates  of  f  to  i  inch  are  common. 

In  cases  where  the  trusses  are  subjected  to  the  action  of  corrosive 
gases,  the  thickness  of  the  members  should  be  made  greater  than  that 


Pig.  41.  Bending  Tendency,  Ends  Free.    Fig.  42.  Bending  Tendency,  Ends  Fixed. 

required  by  the  design  alone,  since  corrosion  will  decrease  the  section 
considerably,  and  this  should  be  allowed  for. 

10.  The  Steel  Truss-Bent.  When  a  truss  is  connected  to  steel 
columns  at  its  ends  and  by  means  of  knee-bracing  (see  Fig.  39),  it 
forms  what  is  called  a  sieel  irn^s-bent.  The  strt^sses  in  the  truss 
due  to  the  roof  covering  and  snow  loads  are  the  same  as  when  it  is 
supported  by  a  masonry  wall ;  but  the  wind  stresses  are  different.  The 
wind  blowing  on  the  roof  and  also  on  the  sides  of  the  building,  causes 
stresses  in  the  truss.  The  wind  on  the  building  is  transferred  to  the 
columns,  which,  by  means  of  the  knee-braces,  canst*  stresses  in  the 
truss.  The  whole  bent  tends  to  bend  as  shown  in  Fig.  41  if  the  ends 
of  the  columns  rest  on  masonry  pedestals.  If  the  ends  of  the  columns 
are  securely  bolted  to  heavy  masonry  pedestals  so  that  the  ends  of 
the  post  will  remain  vertical,  they  will  tend  to  bend  as  shown  in  Fig. 
42.  In  the  first  case,  the  overturning  is  resisted  by  the  bending  of  the 
post  as  shown  at  h  and  V  (Fig.  41);  in  the  second  case,  by  l>ending  as 
at  6,  c,  h\  and  c'  (Fig.  42).  Since  the  post  is  the  same  size  throughout, 
and  the  bending  caused  by  the  wind  the  same  in  both  cases,  the  bend- 
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ing  moment  in  the  post  at  b  uiul  b'  (Fig.  42)  is  less  than  it  is  at 
b  and  b'  (Fig.  41 ),  as  in  tlie  first  case  there  are  only  one-half  the  num- 
ber of  points  to  withstand  the  total  l)emiing  that  there  are  in  the 
second  case. 

The  wind  blowing  on  one  side  of  the  building  causes  a  conipnrs- 
sive  stn*ss  in  the  column  on  the  leeward  side  (the  side  opposite  that  on 
which  the  wind  blows)  and  a  tensile  stress  in  the  column  on  the  irtiu/- 
wofd  side  (the  same  side  on  which  the  win<l  blows).  It  also  creates  a 
bending  moment  as 
mentione<l  uUne; 
and  this,  as  well  as 
the  flin'ct  stn*sses, 
must  In*  taken  into 
account  when  the 
[M>st  is  designed. 
ITie  case  is  that  of 
a  meniiNT  under 
dire<*t  compn\ssion 
and  U*nding  at  the 
same  time. 

The  stresses  in 
the  kni»e-bnicesand 
the  (*olumns,  an<l  the  lN»nding  in  the  columns  when  the  ends  of  the 
|)osts  an*  not  tixtnl.  may  In*  (^omputcnJ  from  the  following  formula*,  in 
which, 

W  Tntal  wind  Iciatl  |M'rp«'ii<licular  to  the  roof; 

\\\  lloritontal  coiii|Mmi*iit  of  If. 

ir,  ViTlical  romiMUM'iit  of  H*; 

ir,  Totttl  wind  load  on  tht*  Hide  of  thi*  huildinfc; 

IT  t'nit  wind  load  normal  t(»  the  riMif. 

tr,  (nit  \ftin<i  load  normal  t«)  tlif*  nuU*  of  ih<»  buildinit; 

ii  l>i»tanrc  lM*tw<H'n  truHM^N.  in  f(M*l 

'Hiese  and  otluT  <-hunicters  an*  .shown  in  Fig.  43. 


Ftic-  43     NfitaUon  fiir  Formula*.  KmU  Vrt* 


W 


UHl 


\  '■"  •   '  2  '' 


H*,  -•  IT,  iiA 
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/Sbv=  — 

Sbc  =    -h 


i 


H,h 


V, 


v^ 


S»b=   + 


H,h  -  TT,  -|- 


e 


Bending  moment  at  6  =  H^n  —  W^  (-^— rw) 
Bending  moment  at  6'  =  H^  n. 

The  stresses  in  the  truss  caused  by  the  wind  are  the  same  as  if 
it  were  under  the  action  of  the  normal  wind  load  IV,  and  in  addition 
two  concentrated  loads  equal  in  intensity  and  direction  to  the  stresses 
in  the  knee-braces  and  at  the  same  point  of  application,  and  two 

forces  E^  and  E^,  which  may  be 
computed  as  follows: 

E  =  --'-^ 
*         m 


Fig.  44.    Application  and  Direction  of  the 
Exterior  forces. 


H,  n-W,  ( 


m) 


E. 


m 


For  the  points  of  application  for  these  loads  and  for  their  direction, 
see  Fig.  44.  The  stresses  can  now  be  computed  by  the  method  of 
Statics. 

The  diagram  for  such  a  truss-bent  is  given  in  Fig.  45.  The  span 
is  60  feet,  the  rise  },  the  distance  between  trusses  16  feet;  and  the 
wind  pressure  is  taken  as  18  pounds  per  square  foot  normal  to  the 
roof  surface,  and  20  pounds  per  square  foot  normal  to  the  sides. 
In  this  case, -u;  =  18  pounds;  a  =  J6  feet;  r  =60  -f^  4  =  15  feet;  w  = 
20  pounds;  h  =  20  feet;  n  =  14  feet;  m  =  6  feet;  and  /  =  60  feet. 
The  length  olLJU^  is  readily  computed  to  be  33.5  feet;  L^  />j,  9.1  feet; 
and  e  =  b  feet.  The  values  of  the  quantities  and  stresses  are  com- 
puted as  follows  (see  Fig.  46) : 

W    =  18  X  16  \/WVTb^  =  9  650  pounds. 

n\  =  16  X    20  X  20  =  6  400  pounds. 

W\  =  (9  650  -f-  33.5)  X  15  =  4  320  pounds. 

W    ^  (0  r>fiO  ^33.5)  X  30  =  8  650  pounds. 

//j  =  ^,  =  (4  320  +  6  400)  -7-2  =  5  360  pounds. 
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_  ^  5  Hm  X  IM)     (I  100  X  10      .  ^  ^  .^ 


/)  3r»o  •  jn 


."i  .'{(iO  >   1 1 


0 


'2\  410  ixtumU. 
12  5'JO  |n>uii«1h. 


5H0O  y  M  .  0  400y  4 


'^  S  240  imuntlft. 


'Flu*  horizontal  aiid  vertical  c*oin[K)iu*nt.s  of  tlu*  .stn\ssi's  in  the 
knee-hnirin^shonhi 
now  Ih*  (*oniput(*«l. 
^r\w\  iiTv: 

For  <i'» :  horiion-  \^ 

tal.    7  240:     vrrtirni,    a?40    a 
4  760  |M>uii<U.  ^ 

K«»r  «i''»' :  hori- 
loiitiil.  17  <.HM);  vorti- 
cal. 1 1  H(M)  |Miiin«lii. 

A.S  a  ('h(*ck  u|M>n 
the  c^oniputations, 
the  sum  of  the  val- 
iH's  of  K,.  f.',.  and 
ll\  .sliotild  Ite  c*<|ual 
to  tlir  sum  of  the 
hf»rizontal  (compo- 
nents of  x\\v  kn<»e- 
Imie^N.      Hv    sum- 

nnn^  up  tlie  aliove       kiic.  ia.    sirf««  inatrnm  i»r  Tni%^  li^nt  und^r  wind  Lna«l. 
vahies,    it    will    In> 

s«*en  that  they  eluvk  l»y  SO  [miuiuIs,  whirh  is  less  than  0.4  of  one  |ier 

(vnt  and  is  a  close*  enough  check  (siv  FipJ.  4i\  anil  47). 

Tn  olitain  the  verti(*al  n*actions.  pnKii**!  as  with  a  simple  tnisn. 

For  //,,  take  the  center  of  moments  at  /*„  (sec  Fi^.  47).     'Hien: 

H,        !,,  }  X  rt'-O  X  15  +  4  320  X  7.5  +  4  7C0  X  9.1  -  U  800  X  (tlO  -   9 .1) ; 

liO   '  ' 

ll   Til  I    |N  111  III  111. 

'Hie  nepitivc  sipi  imlicatcs  that  the  n*aetion  acts  down  wan  I;  that  is, 
the  tniss  nniNt  In*  rivctcti  to  the  |M»Nt  at  L^,  of  the  end  of  the  posit 
woukl  Im*  liftcv)  off  tliv  top  of  the  column. 
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For  iJj,  the  center  of  moments  is  at   L„,  and  the  resulting 
equation  is: 

^1  =  ^-I  -11800X9.1  +  8  650(60  -  15) -4  320  X  7.5  +  4  760  (60-9.1)  [ 
=  +8  180  pounds. 

The  bending  moment  at  6  is: 

Af b  =  14  X  5  360  -  4  X  6  400  =  49  440  pound-feet; 

and    the    bending 
I  \fi^   J  moment  at  6'  is : 

3/b'  =  5  360X  14 
=  75  040  pound-feet. 

The  forces  in 
their  proper  di- 
rection are  now 
placed  on  a  dia- 
gram of  the  truss 
(Fig.  47),  and  the 
stresses  are  solved 
by  the  method  of 
Statics.  The  stress 
diagram  is  given 
in  Fig.  45,  and  the 
stress  n»cord  in 
Table  Vn. 

The  above  for- 
muhe  are  for  cases 
when  the  (*oIiimns 
are  fn*e  at  the 
lower  end.  AMien 
the  columns  are 
not  free,  thev  are 
called  fixed;   that 

Fig.  47.  Positi  m.  Direction,  and  Intonsity  of  Exterior  Forces.  ^S,  they  are  Sup- 
posed to  l)e  so 
tightly  connected  that  they  cannot  move  .when  the  post  Ix^nds  as 
shown  in  Fig.  42.  In  such  cases  the  result  is  the  same  as  if  the 
columns  were  shortened  by  an  amonut  /i  -r-  2,  and  the  following 
formulae  result  (see  Fig.  48) : 


IC556Q- 

Fig.  40.    PobltlozL,  Direction,  and  Intensity  of  Wind  Forces, 

Ends  Free. 


7240 


a? 


17  900 
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TABLE  VII 
Record  of  TraH>Beat  aader  Wlad 


Member 

Stress 

Member 

Stress 

X-2 

-15  700 

9-10. 11-12 

-f  6  500 

X-3 

-15  700 

12-13,14 

-15  300 

X-6 

-10700 

Y-4 

+  6  500 

X-7 

-10700 

Y-8 

-    1  900 

X-9 

-f   1  500 

Y-IZ 

-  9  600 

X-13 

-H5400 

I3J4-I5 

-    1  300 

1-2 

-I-   5  200 

l-Y 

+  8  640 

2-3 

-    2410 

15-Y 

-2  1  440 

3-4 

+   &  500 

A-l 

-  a  180 

4-5 

-   7  500 

C-15 

■♦•  6  514 

5-6 

+   2  700 

b-C 

-  3457 

6-7 

-    2410 

b*-C' 

-  5  193 

7-8 

-HI    000 

9-/0-II 

0 

6-9 

-  7  600 

13-14 

0 

/ 


ir  -  ttvi  ^  r»    *    (  ^i  )' 


n 


ir,   •  IT,  fi  (  m  -I-    ,^  ^ 

»\  ♦  ir, 


//,     //. 


•  I 


N 


•»• 


//,'».  •  >  ».('".;■-') 


•*^o'fc'  ■*   ~ 


^w  -  ^ 


s.-,. 


//. }  •  ] 


,,,      m         n 
'     2  I 


m  ri 


W }      m    • 
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ri 


ir. 


Mt       • 


11 
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*  m 

Ti  ^"1  TTl 

Bending  moment  at  6  =  Afb  «=  H^  —  — TT,  (- —) 

ib  4  ib 

71 

Bending  moment  at  h'  =  Mh'=H^  —^ 

For  the  truss-bent  of  Fig.  45,  when  the  columns  are  fixed  at  the 
base,  the  stresses  are  the  same  as  if  the  columns  were  shortened  by  an 
amount  n  -r-  2,  as  above  mentioned.  The  bent  would  then  appear  as 
in  Fig.  49,  and  the  values  of  the  various  stresses  and  the  quantities, 
together  with  their  points  of  application,  are: 

TT    =-  18  X  16>/30*+  15^=  9  650  pounds,  as  before. 

TTj  =  13  X  16  X  20  =  4  160  pounds. 

„          „        4  160  4-  4  320        .  ^.^  , 

/fj    =  i/,  = =  4  240  pounds. 

„  .   4  240  X  13-4  160  X  6.5         ^_._  , 

o»b  =   H = =    f5  616  pounds. 

5 

„  4  240  X  13 

o»'b'= =  —  11  024  pounds. 

o 

-,            .     4  160  X  7  4-  4  320  X  20.5  -  8  650  X  45  ,  ^^^  . 

She  =   H ^ =  --  4  526  pounds. 

„                4  160  X  7  4-  4  320  X  20.5  +  8  650  X  15  ^  ,„,  , 

obV= WK =   —4  124  pounds. 

_               4  240  X  7         .  _  ._  , 

El    = ^ =  4  947  pounds. 

„               4  240  X  7  -  4  160  X0.5         .  ..^  , 

E^    = =4  600  pounds. 

M b   =        4  240  X  7  -  4  160  X  0.5  =  27  600  pound-feet. 
Mb'  =        4  240  X  7  =  29  680  pound-feet. 

The  stresses  in  the  bent  are  then  computed  in  a  manner  similar 
to  that  used  when  the  columns  are  fixed,  E^,  E^,  and  the  stresses  in 
the  knee-braces  being  attached  to  the  truss  as  concentrated  loads. 

Since  in  this  case,  E^,  E^,  and  the  stresses  in  the  knee-braces  are 
less  than  they  are  when  the  columns  are  free  at  the  base,  the  wind 
stresses  throughout  the  truss  will  be  less  when  the  columns  are  fixed 
than  when  they  are  free. 

On  account  of  the  difficulty  of  fixing  the  ends  rigidly,  it  is  advis- 
able always  to  consider  the  ends  free  and  to  compute  the  stresses 
accordingly. 

The  student  is  advised  not  to  take  the  trouble  of  determining 
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Uie  wind  stresses  in  trusses  of  steel  tniss-bents  by  the  method  given 
above,  but  to  use  the  40  pounds  per  sc|uarc  foot  of  horizontal 
projection  and  to  correct  the  stresses  as  previously  mentioned  (sec 
Fig.  39). 

The  formula'  of  this  article  giving  the  strpssi\s  in  the  knee- 
bracing  and  the  l)ending  moment  in  the  columns,  should  be  used  in 
all  cases,  and  the  |K>sts  and  knei'-bracTs  designed  according  to  the 
stresses  so  determine<l. 

In  casi»s  wherr  the  40  pounds  ptT  sc|uare  foot  is  used,  the  direct 
stress  in  each  c*olumn  is: 


N  - 


40  X  n  y  / 
2 


-  — ttl- 


Ntttatlon  for  Formulii', 


i'^^ 


and  the  (*(>lunin  should  l)e  de- 
signee! fj)r  this  stri'ss,  together 
with  the  stn»ss  due  to  the  U'nd- 
ing  at  the  |)oint  wheix»  the  knec- 
bracc  joins  the  column.  See 
••Strength  of  Materiab,"  pp.  85 
and  86. 

In  case  a  crane  is  attachtnl 
to  either  the  tniss  or  the  column, 
the  stresses  due  to  its  action  must 
be  considen*<l  in  the  design. 

11.  Suspended  Loads.  I'n- 
der  this  head  t*onu*  any  l<md.s 
which  may  tie  sus|H*ndtHl  fn  m 
the  lower  choni  of  the  tniss. 
The  loa<l  mav  not  be  actuallv 
sus[H'iuled  from  the  undcnieath 
[wrt,  but  may  be  plactnl  alM>V(\ 

and  the  cnmnections  so  umingi*<l  as  t<»  bring  the  weiglit  on  the 
lower  chonl.  Tliis  weight  .sht»uld  preferably  lie  cvincentrated  at 
a  panel  point.  In  chsc  it  cannot  U*  bmuglit  directly  to  the  pane! 
point,  it  may  Ik»  distributiil  over  a  {Mirtion  or  all  of  the  pam4.  In 
this  case  the  [portions  distributnl  to  the  adjacvnt  |wnel  |x>int<i  are 
computcHl,  and  tliey  an*,  fur  puqM)si*s  of  cxmiputation,  considen*d  as 
cnna*ntratetl  l<iatls  at  the  |ianel  {iciints.  llic  •44^*tions  of  the  chord 
over  which  these  loa<ls  are  distributed  an*  in  the  condition  of  direct 


•-- 


4.'« 


I 

I    I 


:a  _J 


l*.i«lti«in  nirtH'tion  anil  InieoUty 
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tension  and  bending,  and  must  be  designed  for  such  stresses  (see 
"Strength  cf  Materials,"  pp.  85  and  86). 

The  suspended  loads  may  consist  of  small  hand  cranes;  shafting 
for  transmission  of  power;  heating  apparatus,  such  as  steam  or  hot-air 
pipes;  water  or  compressed-air  tanks;  or  platforms  on  which  stand  the 


operators  for  the  ( 


•  hydraulic  lifts. 


Figs.  50  and  51  show 
trusses  with  vari- 
ous forms  of  sus- 
pended loads  at- 
tached. 

12.  Details  ol 
Roof  Trusses. 
The  spans  of  tri- 
angular roof  truss- 
es of  the  Fink  type 
are  usually  less 
than  100  feet,  and 
the  spans  of  roof 
trusses  wi  th  chords 
nearly  horizontal 
are  seldom  greater 
than  50  feet.  For 
trusses  of  such 
spans  the  details 
are  almost  stand- 
ard. Since  tliese 
spans  and  tnisscs 
constitute  a  large 
majority  of  those 
built,  only  the  details  of  such  trusses  will  be  considered  in  this  text. 
IMiere  tnisscs  rest  on  masonry  walls  or  on  light  columns  in 
masonry  walls,  provision  is  made  for  expansion  due  to  temperature. 
For  trusses  up  to  75  or  SO  feet,  slotted  holes  are  placed  in  the  end- 
bearing,  and  tlie  bearings  rest  directly  upon  another  plate.  Bolts 
are  fastened  to  the  masonr\-,  and  extend  upward  through  the  slotted 
holes  and  have  nuts  (  n  Iheir  ends.  The  nuts  hold  the  truss  securely 
to  the  wall,  while  llie  slotl(  d  holes  allow  the  bearing  to  move  backward 
and  forward  when  the  temperature  falls  or  rises.     The  sloUedhoUi 
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thould  be  J  inch  in  length  for  every  ten  feei  of  span.  The  bolts  should 
not  be  less  than  J  inch  in  diameter,  and  should  be  buried  in  the 
masonry  at  least  6  inches.  Fig.  52  shows  details  of  an  expansion 
lx*aring  of  this  character.  In  case  the  span  of  the  truss  is  greater 
than  75  or  80  feet,  a  roller  or  a 
rocker  Waring  is  used.  Figs.  53 
and  54  show  details  of  this  class 
of  bearings. 

For  convenience  in  refer- 
ences to  tlie  common  Fink  truss, 
the  following  notation  will  be 
used:  the  points  in  the  upper 
chord  are  given  the  letter  U,  with 
a  subscript  corresponding  to  the 
number  of  the  joint  from  the  left 
end.  The  lower  chord  and  in- 
terior joints  are  given  the  letter 
L,  with  a  subscript  correspond- 
ing to  the  number  of  the  joint 
from  the  left  end  (see  Figs.  24  to 
38).  The  advantage  of  this  system  of  notation  is  that  it  enables 
one  to  refer  to  any  jKirticular  joint  by  the  use  of  the  letter  and  its 
subscript,   and   its  }x)sition   will  at  once  l)e  apparent  to  the  mind 

without  the  use  of  a  fig- 
ure. 

If  a  truss  rests  on  ma- 
sonry walls,  three  meth- 
ods of  making  the  details 
at /.Q  are  in  common  use. 
T1h*s<*  are  shown  in  Figs. 
55,  5(),  and  57.  The  de- 
tail shown  in  Fig.  55  is 
the  most  commonly  used : 
but  its  use  is  not  advised 
unless  a  sufficient  numl>erof  rivets  are  plact*d  in  the  meml)er8  to  take 
up  lM)th  the  dinxt  stn*ss  and  that  due  to  the  fact  that  the  point  of 
application  of  the  reaction  dcK^s  not  coincide  with  tnc  intersection 
of  the  center  lines  of  the  chonl  members. 


2e  -  Allowance  for  Expansion 

Fig.  Rl    Slot  14^1  Mole  Kxpanslon  Ik»arlQ(. 


riir   NS     Holler  Kxjian^lon  !l«*ar1nK 
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Fig.  65. 


SMg.  54.    Rocker  Expansion  Bearing. 

In  case  the  bearing  shown 
in  Fig.  55  is  used,  the  number  of 
rivets  in  L^  L^  may  be  calcu- 
lated from  the  equation : 

n*v  —  Rn  =  , 

P 

in  which, 

n  =  Number  of  rivets  required; 
V  =  Allowable  stress  on  one  rivet ; 
R  «  Vertical  reaction ; 
p  «  Rivet  spacing,  in  inches; 
e  =«  Distance  as  shown  in  Fig.  55. 


Fig.  56. 


Fig.  57. 
Details  of  Ends  of  Koof  Trusses. 


If  the  number  of  rivets  in  L^  U^  is  desired,  it  may  be  calculated 
from  the  equation: 

6  5e, 


n^v  —  Sn  = 


V 


in  which  S  is  the  stress  in  L^  U^,  e  the  distance  shown  in  Fig.  55,  and 
the  remaining  notation  as  above. 

If  the  point  of  application  of  the  reaction  coincides  with  the 
intersection  of  the  center  lines  of  the  top  and  bottom  chords,  the 
nimiber  of  rivets  required  to  withstand  the  direct  stress,  which  is  the 
only  stress  would  be  equal  to  the  stress  in  that  member  divided  by 
the  allowable  stress  in  one  rivet. 
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In  onler  to  illuKtrale  th<-  use  of  tlie  atM)vr  equation,  and  to  bring 
out  the  fact  tlial  more  rivets  an-  re<iiiir<>(l  when  ihe  point  of  npplica- 
lion  of  the  reiirlioii  does  not  eoinride  with  the  intentection  of  the  upper 
and  lower  rlionis  tliiui  when  it  d<H--<  eoinride,  an  example  will  Ite 
solveil.  'Hie  Mtresws,  the  thickness  of  ilie  connection  plate,  and  the 
dustanee  of  the  [xiint  of  upplicution  of  the  reaction  fnmi  the  inter> 
•section  of  the  chiinl,  are  as  shown  in  Fig,  '>S. 

It  will  Ite  assiimnl  (hat  (he  rhonis  consist  of  two  an^h'^  each; 
and  since  this  is  the  case,  the  ullowahle  unit-stress  in  one  rivet  will  be 


Fl(.  H.    I>mta  ri>r  KianpiP  ■•n  Timr  IT. 


KU  M.    EaT*n«>lallr<irPlc.» 


3  750  pounds,  (he  value  of  n  j-inch  rivet  in  Uiirinft  in  a  |-inch  plate 
when  the  alii>walile  unit  iM-iirin);  stress  is  Jtl(NM)  |Hnnids  [)er  M[Uare 
inch.  If  the  |i)>inl  of  appliciilion  of  (he  reitc(ion  ci>incides  with  the 
intenieclion  of  the  two  cliimls.  the  nnnilnT  of  rivets  n.i|uiraj  will  be: 


r  /.„  r 
r/,.    /, 


4.''><MKI 
A  ;.'i(P 


Since  the  ]M»inl  of  upplicution  of  the  niiction  chtes  not  cfiinctde 
with  (he  intersi-ction  of  (he  chonl.  the  numlHT  of  rivet.i  mguiml  Id 
/..  f.  Lh: 


the  spacing  l>einn  -t  inches;  diviilin^  b_v  :i  ~'*t,  we  have: 

n'  -  ijn  -  loe  m. 
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Completing  the  square  and  solving  for  n,  there  is  obtained: 

1  =  6  +  v'l42.56  -  17.9,say  ISrivete. 
The  number  of  rivets  required  in  L^L^is: 

<  20  000  X  10 


3  750n 


-  20  000  n  -  - 


and  dividing  by  3  750  and  completing  the  square,  there  results; 
n  =  2,67  +  Vri:jT75-  13.32,  aay  U  rivets. 
Inspection  of  the  almve  results  sliows  that  when  the  point  of 
application  of  the  reaction  is  placed  10  inches  from  the  intersection  of 
the  chords,  it  requires  6  more  rivets  in  the  upper  chord  and  3  more 
rivets  in  the  lower  chord  than  would  be  retjuired  if  the  point  of  appli- 
cation of  the  reaction  coincided  with  the  intersection  of  the  chords. 
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The  detail  just  <liscnisse<l  is  a  verj*  (convenient  one,  and  is  very 
commonlv  used;  hut  in  most  cases  no  allowanc^e  is  made  f«»r  the 
additional  rivets  itHjuiretl  Inxuiuse  of  the  fart  that  the  reactitm  does  not 
coincide  with  the  intersection  of  the  choni  memln^rs.  'Hie  student 
shouM  always  compute  the  rivets  by  the  formulie  pven  al)ove,  since 
it  is  very  evident  that  neglect  to  do  so  causes  the  joint  to  l)e  exceed- 
ingly weak,  in  some  cases  as  much  as  'A)  |ht  cent,  as  is  shown  in  the 
case  of  A„  L^  in  the  alxne  proMcm. 

Fip  .')(»  is  excellent,  hut  the  length  of  the  hearing  plate,  which 
should  Ik*  as  lon^  as  the  connect iofi  plate,  is  liahh*  to  Inx-ome  f^^ater 
than  the  wi<lth  of  the  wall.  In  such  castas  the  detail  shown  in  Fig. 
57  is  to  Ih»  usinI.  The  ohjection  rais«»d  to  these  details  is  that  the  end 
connection  plate  prevents  the  placing  of  a  purlin  near  the  eml  of  the 
roof  tniss.  In  cast*  sheathing  is  ust^l,  this  ohjection  does  not  h  Ail 
goo<l,  since  the  overhanging  sheathing  will  reach  t(»  the  end  of  the 
truss  and  fonn  a  g<KHl  eave  detail,  as  shown  in  I'ig.  .V.». 

When  the  nK)f  tniss  rests  on  stt^'l  columns  which  are  comiK)setl 
of  lattic^^l  angles,  the  c*onnections  may  Ik*  made  as  shown  in  Figs. 
t»()  ami  r»l.  Fig.  (U)  is  preferahle,  Innause  it  gi\e>  a  m<»n»  rigid  con- 
nection than  is  given  l)y  Fig.  til.  If  the  tH>hnni.s  consist  of  two  panels 
phu^'d  clc»se  together,  hack  to  hack,  the  .s;i!ne  details  may  Ih»  use<!.  If 
the  colunm  i*on.sists  of  one  I-lwam  or  of  two  ehannels  plac^etl  l>iuk  to 
Imck  lit  some  distance  apart,  then  details  shown  in  Figs.  i\'2  and  ihi 
nuiv  Ik*  wstnl. 

Where  one  memlnT  is  jnine<|  to  another  and  makes  an  angU»  (»r  is 
[jeqK-ndieular  to  it,  then  details  as  shown  in  Figs.  i\\  and  <'»,"»  may  Ik* 
u.setl.  It  is  not  ginxl  pnietiee  to  cut  the  anglers  as  shown  at  h  in  Fig. 
(k*);  a  is  a  U'tter  detail.      No  joints  should  ha\e  Irss  than  two  rivets. 

In  places  when*  three  inemlHTs  meet,  and  twn  make  the  same 
angle  with  one  of  tht»  others,  the  detiiils  should  Ik-  made  as  shown  in 
Fig.  r><».  The  leg  of  the  angle  which  is  rmt  j<»iiict|  to  the  plate  should 
alwavs  U-  upward.  This  prevents  the  dust  an«l  dirt  fnun  iKHinning 
mixitl  with  the  moistun-  and  running  or  jarring  down  into  j<iints  at 
the  lower  ends  of  the  memUTs. 

At  /.,  and  /.,,  S4jnan*  platcN  see  at  left.  I'ig.  TiT  ■  sh<»uld  Ik' us<h1 
when*  iMisNil  lie.  If  the  stn-VM-s  are  such  that  more  rivets  art*  riMjuiriHl 
in  one  m«*mlHr  than  in  the  other,  then  the  pliite  shtudd  Ik*  cut  as 
shoHii  at  right  in  Fig.  (i7. 
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At  Z.,  the  splice  occurs,  since  Fink  trusses  are  usually  shipped 
in  two  parts.  In  addition  to  the  vertical  connection  plate,  which 
also  acts  as  a  splice  plate,  the  bottom  plate  is  used  (see  Fig.  68), 
Rivets  shown  in  black  indicate  that  the  holes  are  left  open,  the  pieces 
in  which  they  occur  are  shipped  separately,  and  then  are  riveted 
together  at  the  place  where  the  truss  is  put  up. 

In  some  cases  where  the  member  Lj  L^  is  long  enough  to  sag 


Details  o(  Hoot  Truss  C< 


considerably,  or  where  it  is  desired  to  connect  a  load  (such  as  a  hand 
hoist)  at  its  center,  a  vertical  C,  M  is  run  from  U,  and  connected  to 
the  lower  chord.  No  stress  is  caused  in  this  member  by  anv  load 
except  the  load  at  .1/,  in  which  case  the  stress  is  equal  to  that  load. 
If  a  load  is  at  M,  it  v.ill  cause  stresses  in  other  members  of  the  truss, 
the  stresses  in  the  truss  being  the  same  as  if  the  dead  panel  load  at 
U^  were  increased  by  an  amount  equal  to  the  load  at  .1/. 
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The  pMieral  details  of  a  Fink  tniss  are  shciwii  in  Plate  I  (p.  43), 
Plate  II  (p.  60).  and  Plate  III  (p.  (M  ). 

In  nise  the  building  is  devotc^il  to  sonu*  piirix>se  whemn  no 
smoke  or  noxious  ga.ses  are  pnxliKi*?!,  some  fonn  of  pairtU  tm/iVo/or 
mav  Ih»  use<l.  One  ven* 
excellent  make  is  shown 
in  Fip.  r>() — called  the 
Star  ventilator  (Mer- 
chant &  Co.,  Philadel- 
phia, Pa.1.  ThcM'  ven- 
tilators an*  made  fn>m  2 
to  <H)  inches  in  diameter 
at     the    lower    {)ortion, 

where    thev    fit    to    the 

• 

ritlj^e  of  the  nK)f.  Fi^. 
TO  shows  one  of  them  in 
|M»sition  on  a  nK>f.  'Hie 
numlMT  and  size  of  these* 
V(*ntilutors  de|K*nd  <»f 
course*  ti|)on  the  numlnT 
of  tinu*s  {M*r  hour  it  is  desinihle  to  clump*  (he  air  in  the  shop. 
In  t*aM*  the  shop  is  for  such  pur|M)M\s  that  smoke,  pis(*s,  or  noxit»us 
fumes  of  any  kind  art*  pnxluc(*d,  it  is  dcsiniMe  to  have  sf>me  (*luinnel 

ft>r  ventilation 
which  is  consider^ 
alily  larpT  tluin 
thoM'  j^ven  l>y  the 
|Ni  ten  (ventilators. 
Ill  Mich  <*aM*s  the 
vfiitilation  is  usu- 
allv  «il>tained  bv 
a  small  house- 
shaiKtl  construc- 
tion calleil  a  lantrm,  monitor,  or  vnitilatitr  isi-e  Fij;.  71).  'Hie  sides 
(»f  these  ventilators  muv  U*  fittt*il  with  louirrs  or  windows,  or  left 
open.  I>ouvn*s  may  Ik*  made  either  of  wcmnI  f)r  of  c*omi^ted  or 
plain  bars.  For  details  of  mtmi tors  and  louvn*s,  see  Figs.  124,  125^ 
ami  126. 


Pig.  as. 

Details  nf  Roftf  TruHx  rf>nn««ctloiift. 
S««  alw)  Vlti%.  M.  tt.  and  «. 


Hit  09     I>i*iail«nif  ■  Star    Vt-ntU-iior". 
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.11  o(  Window  In  Saw-TooUi 
Root. 

In  order  to  adrnit  sufficient 
light  into  the  building,  part  of  the 
roof  of  buildings  over  80  feet 
wiilc  must  be  made  of  glass,  since 
the  amount  of  light  admitted  from  the  sides  of  the  building  is 
not  sufficient  to  light  up  those  parts  of  ihe  sliop  near  the  center 
of  the  tnisses.  In  some  cases  the  saw-toothed  truss  is  used,  in 
which  case  the  entire  surface  of  the  short  rafter  is  covered  with  glass. 
In  case  the  ordinary  triangular  roof  truss  is  used,  a  portion  of  the 
roof  covering  must  be  made  of  glass,  so  put  on  as  to  prevent  leakage 
and  also  to  prevent  the  moisture  which  forms  on  the  under  side  of 
the  glass  from  dropping  in  the  shop.  Fig.  72  shows  the  glass  in 
place  on  a  saw-toolhcd  roof;  and  Figs.  73  and  74  give  the  details  of 
several  methods  of  securing  glass  on  the  roof  so  that  no  leakage  or 
condensation  will  get  onto  the  shop  floor.  The  glass  area  should  be 
from  iV  to  i  of  the  floor  area. 

13.   Speciflcations  for  Roof  Tnisses  and  Steel  Buildings.     In  case 
of  an  important  structure,  special  specifications  are  written,  embody- 


s 


I 


s 

I 

I 

I 

I 


N 


EOOP  TRUSSES 


Par»llgm"  Metbod  o[  Glazing, 


ing  certain  fea- 
tures which  the 
experience  of  the 
engineer  in  charge 
indicates  as  neces- 
sary. For  ordi- 
nary structures, 
however,  several 
very  satisfactory 
specifications  are 
on  the  market. 
These  consist  of 
from  15  to  20 
pages,  bound  in 
paper,  and  may 
be  had  for  twenty- 
five  cents  a  copy. 
Two  very  satis- 
factory specifica- 
tions are  those  of 
Charles  Evan 
FowlerandMiloS. 
Ketchum.    Either 


may  be  had  by  addressing  the  Engineering  News  Publishing  Company, 
New  York  City,  Fowler's  specifications,  in  addition  to  giving  speci- 
fications for  load  stresses  and  workmanship,  give  much  valuable  in- 
formation regarding  the  stresses 
in  different  kinds  of  trusses,  be- 
sides various  details  showing  the 
use  of  corrugated  steel. 

An  extended  set  of  specifica- 
tions is  not  required  for  the  de- 
sign of  ordinary  roof  trusses.  In 
addition  to  the  information  re- 
garding the  weight  of  trusses,  the  weight  of  roof  covering,  the  snow 
load,  and  the  wind  load,  the  use  of  Table  VIII  will  be  found  to  be  all 
that  is  necessary  in  order  to  design  cross-sections  of  the  various 
members,  once  the  stresses  are  determined. 
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TABLE  Vlll 
Allowable  Unit -Stresses,  Medium  Steel 

For  Shrar U)  (MM»  |mmiiiiIh  |mt  f*i|iiari'  iiirh. 

For  Bearing Ji)  (MM»       "  

ForTfiminn i:»  (MM)        *  

For  HoariiiK  of  StiM'l  on  Mawmry.  2'»0  to  l(N)       *'  

For  ( onipn*»wion        /'       JKKK)    -   110     . 

In  cuNi>  Xhv  HtrcMtm  an*  tlitiM^  tluo  tti  rrnnt*  loutls.  tho  unit-Ftrr^.<trn  in 
tonitit>n  an«l  ronipn'«*Hion  imliratiMl  in  Tiihlf  VIII  slioiilil  Ih*  nMiur«>(l  \  an«l  ) 
n*H|NM'tiv«*ly.  MfMihtTH  of  \\iv  hitiTul  l»r»rinf;  :in«I  tlioir  rtinnrrtiniiK  may  \*c 
s11«>wim|  an  inrrrusi*  t»f  '2i»  |nt  ri*nt  ovrr  t\w  unit-HtrrHKt^M  then*  indirati'il. 

In  thr  <*<|tiatioii  uImat  pvrn  **For  (\)m|mvssion,"  /  is  thr  Ini^tli  of 
th<*  niriiilNT  in  inclu's,  imd  r  tin*  Im.st  niditis  of  ^vmtion.     'V\iv  mtio 

of       sliotild  never  In*  greater  than   12t). 

'Hie  (jiuaje  line  or  ydUfjr  is  the  line  on  the  flan^  of  a  slia[)e.  on 
which  tlie  rivets  an*  [>la<*e<l.     In  angles  and  ehannels  it  is  l(K*ate«l  hy 


J  DouUe  Goqe 

Snqle  Goqe  I 

Fig.  TSl    Oaugn  for  Angles.  ChannrN.  and  I  n^amti. 

giving  its  distant^'  fn>ni  the  Itaek  of  tiie  sIui|m*;  in  the  iiise  of  I-I)eain.s 
the  distance  iN'twtvn  two  pitige  lines  on  o|>[Misite  sides  of  the  weli  is 
indiesitinl.  Some  angles  liave  douhh'  piuge  line.s.  in  wliirli  cast*  the 
rivets  art*  |»lae(*<i  first  on  one  and  then  on  tiie  other;  tliis  is  callnl 
ftaijtjrrinij.     Fig.  T."*  shows  piiip*  lines  fi»r  various  >ha|N's. 

Hivcts  \  incli  in  diameter  an*  p*nenilly  tis4*ti  in  legs  of  anglc*s  .'{  to 
•t  inches  long  or  greater.  For  the  piiigt*  lines  ami  the  nmxinnim  siz4*s 
of  rivets  to  U*  iiMfl  in  angles,  mi*  Tahle  IX.  For  similar  data  for 
channels  anil  I-lwains,  sc*i*  (\imegie  IlandlNiok,  pp.  177   iSTi. 

It  is  often  d(*sinilile  to  e\prt*ss  tlie  length  in  ff*(*t  insteati  of  inch«*H, 
in  which  ca.M*  tlie  formula  lN*(*times: 

/'     21 000  -  I  :i JO     . 
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TABLE  IX 
Gauges  and  Maximum  Allowable  Rivets  for  Angles 


Maxi- 

Maxi- 

Maxi- 

L 

Q 

mum 

Rivet 
OR  Bolt 

L 

0 

uuu 

Rivet 

OR  Bolt 

L 

a 

mum 

Rivet  or 
Bolt 

8 

4i 

J 

3i 

2 

J 

2 

li 

i 

7 

4 

i 

3 

U 

i 

li 

1 

\ 

6 

3i 

i 

2i 

1| 

i 

li 

i 

i 

5 

3 

i 

2i 

If 

J 

U 

i 

t 

4 

2i 

} 

21 

u 

J 

1 

A 

i 

L 

Ox 

0> 

L 

01 

0> 

8 

3 

3 

6* 

2i 

2i 

7 

2i 

3 

5 

2 

li 

6 

2i 

2i 

*  When  thickness  is  \  inch  or  over. 

For  convenience  in  designing,  the  values  of  L  -t-  r  should  be  plotted 
as  ordinates,  and  the  resulting  values  of  P  as  abscissa?,  on  cross- 
section  pa{)er,  and  the  curve  drawn  in.  Then  the  value  of 
P  for  any  given  value  o(  L  -r-  r  may  be  taken  at  once  from 
the  diagram  without  the  labor  of  substituting  in  the  above 
formula. 

The  bearing  value  of  a  rivet  in  a  plate  of  given  thickness  is  equal 
to  the  thickness  of  the  plate,  times  the  diameter  of  the  rivet,  times  the 
allowable  unit  bearing  stress.  The  value  of  a  rivet  in  single  shear  is 
equal  to  the  area  of  the  cross-section  of  the  rivet,  times  the  allowable 
unit  shearing  stress.  The  bearing  values  of  rivets  of  different  diam- 
eter in  plates  of  difFerent  thickness,  and  the  shearing  values  of 
rivets  of  different  diameter,  are  given  in  Table  X,  the  unit-stresses 
being  as  given  above. 
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TABLE  X 
Bearing  and  Shearing  Values  of  Rivets 


,  HcAniKn  IN  DirrKnr  NT  TiiirKN»«nrA  op  I*i.%trs 

DiAMCTRM    BiNai.B  Hhp^b  {.ht  '20  OUO  \\m  prr  mi   In  ) 

orRlvi.T     UtKMNMMlM 

(iDchw)        per  wi  in  )  i 


I 


I  In    ,  ,*a  in  I  fl  in       ,'«  in       \  in       ,*.  in       I  In       i.  In 


h 

1«)G<) 

A 
1 

'i  4  SO 
3  070 

1 

3  710 

4  4-.'0 

i 

r,  1  SO 
0  010 

2.'iOO'313o'3750 

2JS10   3  WO   4  210  41*20 

3l30;3910j4r»0O  r>470 

3410I42IM)    TiKV)  4)010    GKSO  I 

3750'4f»l)o'.'>030  6560    75<K)    8440 

4  07O'50SO    6000  7110    8120    0150  lOlOOJ 

4  380 '5  470    6  570    7  660    S750    0S4O  10  040  12040 

1  I I 

DESIGN  OF  A  RIVETED  ROOF  TRUSS 

14.  I^t  it  l>e  ref|uirc(l  to  ili^sigii  a  Fink  itM)f  truss  of  64  feet  span 
and  \  pitch,  tluMlistnnce  lietwwn  trusses  l>ein^  10  feet.  Thereof 
covering  is  taken  as  12  {lounds  [nt  scpiart*  f(X)t  of  n>of  surface,  and  the 
total  snow  and  wind  loud  will  l>e  taken  as  M  \xnuuh  per  sc|uure  foot 
of  horizontal  projo- tion.  The  wrij:ht  of  the  stcH*l  in  the  roof  truss 
will  Ik*  conipiitt*<l  fnmi  Merriinairs  fonnula  (see  Art.  4,  p.  r>).  The 
total  weight  is  now  found  to  Ik*: 

'\  i 

Weight  of  truM.    '     X  16  \  6|  4  I    f     .    )  -      5  5S0  pounda. 

Wrif^ht  of  roof  oi»vtT,  35.6  X  2   <  16   <  12  -    13  650  poundi. 
WtM^ht  of  m'iii«l  anil  ftiuiw6t    •    16    •   .'iO  •>•    30  700  potin<U. 

Ti>tal  4U  930  iMmiicU. 

Each  u{M\x  load  is  therefore  41>  *.Ktt)  -:-  s  fi  240  [)ounds.  By 
in\iltiplying  this  value  l»y  eaeli  of  the  stn-sses  as  given  in  Fig.  25,  the 
stress  ill  each  inemlNT  is  eonipute^l  as  follows: 

/...    r,         7    S'A    .    6  JIM         4S  MM*  |.iiuimU 


/.,  /., 

1 

(Nl 

(.  J  to 

4.{  7iH» 

l\  /.. 

0 

V» 

('.  J  to 

;i  ;.so 

i\r.  •• 

7 

AS 

6  Jill 

16  IN  Ml 

I'. 

(\  ami  f     /.,   — 

1 

oo 

ti  Jill 

ti  Jin 

/      / 

1             J 

t> 

(HI 

trjHI 

:i7  4:.o 

'•,  /.. 

1 

:•» 

r»  J  til 

11  i:>o 

r  r, 

ti 

\t\ 

6  Jill 

II  JllO 

/.   /.. 

4 

IH) 

f»  J  10 

J I  \iM) 

/,  /, 

■1 

IN) 

ft  J  10 

12  175 

r    /-, 

0 

Vl 

1'.  Jill 

:» :»so 

/    '•. 

:< 

(N) 

ti  JM 

.   Is  72". 

i.r,  ■ 

6 

4S 

« 

6  240 

-  40  500 

•< 
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In  the  design  of  this  truss,  no  material  thinner  than  J-inch,  and  no 
angles  smaller  than  2^  by  2-inch,  will  be  allowed. 

Fig.  76  shows  an  outline  diagram  of  the  truss,  with  the  stresses 
placed  upon  it.  A  positive  sign  signifies  a  tensile  stress,  and  a  negative 
sign  signifies  a  compressive  stress.    The  length  of  the  top  chords  is 

V32'  +  16^  =  35.6  feet;  and  the 
length  of  each  panel  is  \  of  this, 
or  8 . 9  feet.  The  horizontal  pro- 
jection of  one  panel  is  \  of  half 
the  span,  or  32  h-  4  =  8  feet. 

Design  of  the  Purlins.  '^The 
distance  between  the  trusses  is 
16  feet,  and  the  distance  between 
the  purlins  is  8.9  feet;  therefore 
the  load  coming  on  one  purlin  is: 


Fig.  70.    Stresses  in  a  Fink  Truss. 


Roof  covering,  8.9  X  16  X  12  =  1  710  pounds 
Snow  and  wind,  8  X  16  X  30    =  3  840 


Total      =  5  550  pounds 

This  should  be  resolved  in  two  components,  Fand  H,  perpendicular 
and  parallel  to  the  truss  chord.  These  are  determined  by  the  pro- 
portions of  similar  triangles,  as  follows: 

V  :  5  550  =  32  :  35.6 

V  =  4  990  pounds. 
//  :5  550  =  16  :35.6 

i/  =  2  495  pounds. 

The  bending  moment  caused  by  V  is  J/y  =  (4  990  X  K))  -^  8  = 
9  980  pound-feet.  The  bending  moment  caused  by  //  is  M^  = 
(2  495  X  16)  -V-  8  =  4  990  pound-feet.     The  stress  caused  by  T  is  = 


*    ;  and  the  stress  caused  by  i?  is       " 


and  there  is  also  the  con- 


dition  that  the  sum  of  these  two  stresses  shall  not  be  greater  than 
15  000  pounds.  Since  the  above  formula  involves  the  moment  of 
inertia  and  half  the  depth  of  the  beam,  a  beam  must  be  chosen,  and 
its  moment  of  inertia  and  half-depth  substituted  in  the  above  equa- 
tion, and  the  equation  solved.  In  case  the  sum  of  the  stresses  is  in 
excess  of  15  000  pounds,  or  verj'  much  smaller,  a  re-computation  must 
be  made,  using  a  larger  or  a  smaller  beam. 
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A  15-inch  42-poiincl  I-ln^um  will  Im*  assumed,  and  will  be  examined 

to  see  if  it  fulfils  the  necessary  ("omlitions.    'ITie  value  of  /  and  /'  are 

15 
taken  from  the  Carnegie  Ilandlxxik,  p.  97.     Tlie  value  of  r  is   *   « 

5.50  ^     . 

7\   in   the   first   case,  and    "  -   =  2.75  in  the  second  case.    The 

*• 

quantity  5.5()  is  the  width  of  the  flangi*  of  the  I-I)eam.  Substituting 
in  the  alxive  formula,  then*  results: 

99^y  12_XJi       4  miO  X  1>>  X  2.75  ^^33^^  ^^ 

4n.s         ^  u.ti-i  * 

Tlie  above  I*beam  could  l)e  used;  but  in  case  the  sheathing  is  laid 
closely  and  nailed  tightly,  we  may  c^)nsider  it  acting  as  a  beam  of  a 
s{>an  of  10  fet*t,  S.9  fcvt  dtvp,  and  of  a  thickness  e(|ual  to  that  of  the 
sheathing,  which  hi  this  cast*  will  In*  assumed  as  H  inches.  The 
shc^athing  will  then  take  up  the  moment  niuse<l  by  the  force  //;  and 
the  purlin  will  take  up  the  vertical  In^nding  moment  alone.     The 

stress  in  the  sheathing  due  to  the  force  //  is  —  .  Here  3/  — 
4  im  X  12;  r  =  S.9  X  12  -^  2;  and  /  =  i:ll'V-?--L-"2.    Therefore, 

*   "        -J  XI  r»is.i»  X  r.*'* 

«  'JO-ll.')  |H>un(li«  |MT  wiuan*  inrh,  whirh  in  iiiHignifirant. 

The  vcni<'al  U^nding  moment  taken  up  by  the  purlin  is  9  USi)  X  12  ■■ 
1 19  7<iO  |M>und-in(*hcs,  and  this  n^piin's  a  scution  motlulus  of  1 19  7ri() 
-r  15(MH»  =  7.9S.  By  c<»nsulting  pages  U)\  and  102  of  the  (^aniegic 
IlandlMN>k,  the  following  is  found  to  lie  true: 

An  H-inch  11  25-|>oun(l  rliannri  ih  junt  too  rnnall. 
A     7-inch  17  2.V|n>iiii«1  rhatmrl  u^xwh  tht*  ncarrnt  itcction  modulus. 
An  K-inch  13  7.'»-|Mnjnti  rhannrl  iftiMiM  Im'  li^htor  and  utifTrr. 
A     9-inch  l.'i  2'»-|»oun«i  rhnnn«'l  woiilii  h«*  wtill  hfchtor  and  atifrrr;  and 
Mnc€  it  wci^hn  U*n»  than  any  of  th«'  tithi^m.  it  iftill  In*  niorr  economical. 

A  9-iDch  l«S.25-pound  rluinncl  will  a<*conlingly  In*  uiied  for  the 
purlins. 

()ii  account  of  one  half-|ianel  load  (^>ming  on  the  purlin  mt  the 
ends  and  ridge  of  the  truss,  these  purlins  must  theoretically  \ie  only 
one-half  as  strong  as  the  other;  but,  on  acrount  of  the  fact  that  mil 
purlins  must  l>e  of  the  same  heiglit,  these*  [mrlins  are  made  of  the 
lightest  weight  channel  of  the  same  height  ma  the  others.     In 
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case  it  happens  that  the  lightest  weight  9-inch  channel  is  required  for 
the  intermediate  purlins  as  well  as  for  the  end  ones.  To  illustrate 
the  above,  suppose  that  the  purlins  were  required  to  be  10-inch  25- 
pound  channels,  then  the  end  purlins  would  be  made  of  10-inch  15- 
pound  channels. 

In  case  sheathing  is  not  used,  then  some  other  method  must  be 
employed  to  take  up  the  bending  moment  due  to  the  force  //.  The 
usual  method  of  doing  this  is  to  bore  holes  in  the  center  of  the  purlins 
at  the  middle  point  of  their  span,  and  to  connect  them  with  rods 
which  run  from  one  eave  up  over  the  ridge  and  down  to  the  other  eave 
(see  Fig.  22). 

Design  of  Tension  Members.  .  For  Member  L^  L^:  The  re- 
quired net  area  is  43  700  -r-  15  000  =  2.92  square  inches.  By  con- 
sulting the  Carnegie  Handbook,  p.  118,  it  is  seen  that  two  3  by  3 
by  j'ff-inch  angles  give  a  gross  area  of  1 .  78  X  2  =  3 .  56  square 
inches.  From  this  must  be  subtracted  the  rivet-hole  made  by  a 
|-inch  rivet.  Since  all  rivet-holes  are  punched  I  inch  larger  in  diam  > 
ter  than  the  rivet,  the  amount  to  be  substracted  from  the  above 
gross  area  is  iV  X  (J  +  i)  X  2  =  0.54,  there  being  two  rivet-holes 
taken  out  of  the  section.  This  gives  a  total  net  area  of  3.56  —  0.54 
=  3.02  square  inches.  As  this  is  but  slightly  larger  than  the  re- 
quired net  area,  these  angles  will  be  used  for  this  member.  Since 
the  stress  in  this  member  is  the  greatest  stress  in  the  bottom  chord, 
and  since  the  bottom  chord  is  made  of  the  same  section  up  to  the 
splice  at  L^y  on  account  of  economical  construction,  it  being  chea{)er 
to  run  the  same  sized  angle  throughout  tlian  it  would  be  to  change 
the  size  of  each  panel  and  make  a  splice  at  each  panel  point,  the  size 
of  angle  as  determined  above  will  be  used  for  the  first  two  panels  of 
the  bottom  chord  at  each  end. 

For  Member  L^  L^\  The  retjuired  net  area  is  24  950  —  15  000 
=  1 .67  scjuare  inches.  From  Carnegie  Handbook,  p.  115,  two  angles 
2\  by  2  by  i-inch  give  a  gross  area  of  2  X  1.06  =  2.12  square  inches; 
and  taking  out  two  ^-inch  rivets,  the  net  area  is  2. 12  —  \  (|  +  |)  X  2 
=  1 .74  square  inches.  This  coincides  very  closely  with  the  required 
area,  and  this  angle  will  be  used.  Even  if  this  angle  should  have 
been  in  excess  of  the  required  area,  it  woukl  still  be  necessary  to 
use  it,  since  it  is  the  smallest  angle  and  of  the  least  thickness 
allowed . 
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For  M ember  L,  l\\  The  rwjuirenl  net  area  is  IS  725  -^  15  (XK)  ^ 
1 .25  square  inches.  Two  angles  2 J  hy  2  l)y  }-inch  pve  a  ^kss  area 
of  2. 12  square  inches,  and  a  net  area  of  1 .74  .s(]uare  inches,  as  alx>ve 
compute<l.  Although  they  give  an  area  considerably  larger  than  that 
recjuired,  nevertheless  they  must  Ih»  us^tl,  sinc*e  they  are  the  smallest 
allowed. 

For  Members  L^  V^  and  f/,  L,:  Tlie  n»cjuin'<l  net  art*ii  is  (>  240  -r- 
15  000  ^  0.42  square  inch,  (^ne  angle  2\  hy  2  hy  J-inch  givt*s  a 
gn)ss  area  of  1  .OT)  sc]uan*  inches.  The  amount  to  deihirt  from  rfiis 
is  }  X  (3  4  D  -^  O.lOscjuart*  inch,  one  J-inch  rivet-hole  U'ing  taken 
from  the  s€*ction.  Tins  gives  a  net  art»a  of  \  AM]  —  0.19  ^  0.S7 
scjuare  inch,  which  shows  tliis  angle  to  Ik'  sufficient. 

Since  the  mcmlnT  l\M  has  no  other  um'  than  to  prevent  the 
l)ottom  chonl  from  .sjigging,  it  will  Ik*  nmdr  of  the  lightest  angle 
allowefl.     It  will  therefore  Ik»  maile  of  one  angle  2\  hy  2  hy  |-inch. 

'Hie  meml>er  L^  A,  is  niadt*  of  (he  sann'  st'dion  as  flu*  mfml>er 
i,  (\,  since  this  is  mort*  <»con<)mical  than  to  changf*  tin*  s<»ction  and  to 
make  a  splice  at  Ly     It  will  U'  madr  of  two  angirs  2\  hy  2  hy  }-iiich. 

Desif^n  of  the  Compression  Members.  The  g^nrml  niethcMl  of 
pnHt^durt*  in  the  dt*sign  of  coinpn'ssion  nicnilMTs  is,  first,  to  assume  a 
cross-s€*ction.  and  (hen  to  di'(rmiine  (ln'  nni(  o»inpn*SNiv<»  stn»ss 
allowahlr  hy  inserting  (he  h'Ugdi  of  (In*  innnlMT  and  (In*  nulius  of 
g)'ra(ion  of  thr  assuinnl  s<»<tion  in  (hr  formula  given  fi»r  (hf  unit 
allowable  <"ompn»ssivr  s(n'ss;  (ln*n  tlividr  (he  s(n*ss  in  (hf»  mcmiNT 
hy  (he  uni(  allowal)!**  <-oinpn-ssivr  stn*ss  d('tt*nniiH*i|  as  al>ov(*.  This 
will  give  (he  rf^piinil  an'a.  If  this  nnpiinil  nrvix  is  <tpial  (i>,  orslighdy 
less  than,  (he  an*a  of  (hr  cniss-M^t-tion  assunml.  thr  s<»<-tiun  avsunml 
will  Ih»  thr  cornH(  our.  If  (hr  n'<prm'«l  an»a  as  ounpntitl  aUjve  is 
gn*a(<T  (han  (lir  anM  of  tin*  s«-<tion,  thrn  a  hiri:«T  s«»<ti«»n  inus(  Ik» 
assumrii  and  thr  o|M*ni(ion  rr[M'atr«l.  I  siially  t»nly  (nno  o|M*nitions 
art*  rtHpiin*<l  in  onlrr  (o  ohtain  a  s«'<tion  uho^*  an*a  is  **f)rrr<t.  It 
should  1h*  notril  that  thr  an-a  of  thr  ri\rt-ho|rs  is  not  dt*ilnrt(*<l  from 
the  M»r(ion  in  <-onipn*ssi(»n  nirnilHTs,  sin<i*  thr  ri\rt  fills  up  thr  rivet- 
hole  and  makrs  a  .sr<tion  as  .stn>ng  in  <i»niprrssi(iii  as  it  was  in  the 
first  placer.  Can*  shouM  Iw  takrn  to  as^nnir  a  M»<tion  \\hos<*  nidius 
of  gAHition  is  e<pial  (o  or  gn*atrr  than  tin-  l«*ngth  of  (hr  nirmlNT 
divid(*«l  hv  120.  This  is  dnr  (o  thr  fart  thiit  /  :  r  .should  not  lie 
greater  than  120.     ( 'ompn'ssion  nit'inUTs  of  riMif  tnisses  for  (hr  usual 
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spans  are  made  of  two  angles  placed  back  to  back.  The  radius  of 
gyration  of  such  a  section  is  equal  to  the  radius  of  gyration  of  one 
angle,  if  it  is  referred  to  an  axis  perpendicular  to  the  legs  which  are 
placed  together.  If  it  is  referred  to  an  axis  through  the  center  of  the 
section  and  parallel  to  the  legs  which  are  placed  together,  it  is  equal 
to  some  value  other  than  the  radius  of  gyration  of  one  angle.  The 
radii  of  gyration  for  pairs  of  angles  placed  either  directly  back  to  back 
or  a  small  distance  apart,  are  given  on  pages  144  to  146  of  the  Car- 
negie Handbook  and  in  Table  XI,  and  should  be  used  in'the  design. 
The  value  of  the  radius  of  gyration  for  sizes  of  angles  other  than 
those  given,  may  be  obtained  by  interpolation. 

For  example,  let  it  be  required  to  determine  the  radius  of  gyra- 
tion of  two  5  by  3J  by  i-inch  angles  placed  i  inch  apart  and  back  to 
back,  the  5-inch  legs  being  horizontal  (see  p.  146,  Carnegie  Hand- 
book). Since  this  value  is  not  given  in  the  tables,  it  must  be  inter- 
polated from  the  values  given  for  r^  for  the  above  sized  angle,  which 
are  j'j  inch  and  J  inch  thick.  The  difference  between  the  two 
thicknesses  given  is  |  —  yV  =  ru  inch.  The  difference  between 
the  two  values  given  for  the  radius  of  gyration  is  2. 55  —  2. 44  =  0.11. 
This  gives  a  difference  of  .11  ~  9  =  0.0122  for  each  -^\  inch  differ- 
ence in  thickness  in  the  angle.  The  difference  between  the  thickest 
angle  and  the  angle  under  consideration  is  |  —  i  =  f ,  or  ^^. 
Therefore  the  amount  to  be  subtracted  from  the  radius  of  gyration  of 
the  thickest  angle  is  6  X  0.0122  =  0.0732; and  the  radius  of  gyra- 
tion for  two  angles  placed  back  to  back  as  above  stated  is  2 .  55  —  0 .  07 
=  2.48.  In  case  one  angle  is  used  for  a  member  in  compression,  the 
least  rectangular  radius  of  gyration  must  be  used ;  and  if  two  angles 
are  employed,  placed  back  to  back,  care  should  be  exercised  to  use 
the  least  radius  of  gyration;  and  if  the  angles  have  unequal  legs,  those 
legs  should  be  placed  back  to  back,  which  will  make  the  rectangular 
radii  of  gyration  as  nearly  equal  as  possible.  The  values  of  the 
radii  of  gyration  will  indicate  whether  the  short  legs  or  the  long  legs 
should  be  placed  together.  The  tables  given  in  the  Carnegie  Hand- 
book give  the  radii  of  gyration  for  angles  spaced  at  distances  \  inch 
and  J  inch  apart;  l)ut  since  the  connection  plates  of  roof  trusses  are 
usually  \  inch  or  f  inch  thick,  the  values  of  the  radii  of  gjTation 
should  be  given  for  angles  spaced  \  inch  and  f  inch  apart.  Such 
values  are  given  in  Table  XI. 
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TABLe  XI 
RadU  of  QyratkM  of  Anglot  Ptacod  Bock  to  Bock 
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For  M^mhrr  /.^  f  ^  Two  onflrl^  'Ij  f»7  -'i  Ky  *,-ir»/h.  l/»njf 
Irs:^  ipoTf^  (jork  to  Fjo/Ic.  ami  }  inrh  4fjiirf ,  will  }^  tn^ium^l  T>i^ 
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1.11  and  a  total  area  of  3.56  square  inches,  will  be  assumed.  The 
unit  allowable  compressive  stress  is: 

P  -  24  000  ,^10X^2^X8Q„  13  510  pounds. 

The  required  area  is  48 800  -5-  13  510  =  3.61  square  inches.  Since 
the  required  area  is  greater  than  the  given  area,  it  shows  that  these 
angles  are  too  small.  Two  angles  3i  by  3  by  y'^^-inch  will  there- 
fore be  used  for  this  member,  and  also  for  all  the  members  of  the  top 
chord,  since  it  is  more  economical  to  run  the  same  size  throughout 
than  to  change  the  section  and  make  splices  at  rII  the  upper  chord 
panel  points. 

For  Member  U^  L^:  The  length  of  this  member  is  easily  com- 
puted from  similar  triangles,  and  is  found  to  be  8.9  feet.  Two  angles 
2i  by  2  by  y^g-inch,  with  the  long  legs  back  to  back,  give  a  total  area 
of  1.62  square  inches  and  a  radius  of  gyration  of  0.78.  The  unit- 
stress  is  computed  and  found  to  be  8  950  pounds.  The  required  area 
is  11  150  -T-  8  950  =  1.25  square  inches.  These  two  angles  would 
be  used,  but  the  least  allowable  radius  of  gyration  is  8.9  X  12  -^  120 
=  0.89.  This  is  seen  to  be  considerably  greater  than  the  radius  of 
gyration  given  above,  and  therefore  these  angles  cannot  be  used, 
according  to  Specifications.  By  consulting  the  tables,  it  is  seen  that 
two  angles  3  by  2^  by  J-inch  are  the  smallest  angles  that  will  give  a 
radius  of  gyration  nearest  to  the  required  amount  (0.89)  and  still 
be  standard  size  angles.  Angles  marked  with  a  star  in  the  tables 
are  special  angles,  and  can  be  procured  only  at  a  cost  greatly  in  excess 
of  the  others,  and  then  only  with  great  delay  in  delivering  except 
when  large  quantities  are  ordered.  It  may  be'  said  that  special 
angles  should  never  be  used. 

For  Members  U^  L^  and  U^  L,:  The  length  of  these  members  is 
4.45  feet.  The  radius  of  gyration  must  therefore  not  be  less  than 
4.45  X  12  -^  120  =  0.45.  One  angle  2J  by  2  by  J-inch,  with  an 
area  of  1 .06  square  inches  and  a  least  rectangular  radius  of  gyration 
of  0 . 59,  will  be  assumed.     The  allowable  unit  compressive  stress  is : 

110  X  12  x^ 

P  =  24  000 ^-^ =  14  050  pounds. 

The  required  area  is  5  580  -r- 14  050  =  0.40  square  inch.  The 
angle  chosen  gives  a  much  larger  area  than  that  required;  but  since 
it  is  the  smallest  one  allowed  by  the  Specifications,  it  must  be  used. 
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Many  designers  do  not  place  a  limit  on  the  value  of  the  radius 
of  gyration,  but  simply  use  the  compressive  formula,  and  any  section 
whose  radius  of  g}Tation  will  bring  the  required  area  near  to  its  own 
area.  This  should  not  be  the  case,  since  the  formula  here  given  is  not 
applicable  when  the  value  of  /  -f-  r  is  greater  than  120. 

Top  and  Bottom  Lateral  Bracing.  Since  the  stresses  in  the 
lateral  bracing  are  not  susceptible  of  a  well-defined  mathematical 
analysis,  it  cannot  l)e  rationally  designed.  Experience  indicates  that 
it  should  be  as  in  Article  7.  The  lower  chord  bracing  will  therefore 
consist  of  single  angles  3  by  2  J  by  ,'e-inch;  and  the  upper  chord 
bracing,  of  3  by  3  by  I'e'inc'^  angles.  This  bracing  should  not  be 
placed  between  every  tniss,  but  should  be  placed  as  indicated  on  the 
stress  sheet,  Plate  I.  If  one  j-inch  rivet  is  taken  out  of  the  section  of 
the  bottom  lateral  bracing,  it  will  give  a  net  area  of  1.62  —  0.27  — 
1 .35  square  inches;  this  could  withstand  a  stress  of  1 .35  X  15  000  X 
\.2i\  ■-  27  000  pounds,  which  is  the  stress  the  bracing  is  assumed  to 
carry,  and  which  is  to  be  used  in  determining  the  number  of  rivets 
for  the  connection.  The  stress  in  the  top  lateral  bracing  may  be 
assumed  to  be  the  same. 

Deirrmination  of  X umber  of  Rivds  Required.  It  is  to  be  remem- 
bered that  i-inch  rivets  are  to  Ix*  uscxi  in  the2i  and  2-inch  legs  of  the 
angles,  and  J-iii<*h  rivrts  in  all  larirrr  Ir^s.  Field  rivets  are  tt)  have 
a  value  etjual  in  jj  <if  a  shop  rivet.  Coiineetioii  plates  J  inch  thick 
are  to  W  umhI  in  all  eases,  excrpt  where  the  iuiiiiIht  of  rivets  re<juin*<i 
will  Im»  greater  than  10.  In  siieh  castas,  u>e  a  J-iiu*h  eonne<-tion  plate. 
The  correct  nninlHTof  field  rivets  may  U*  deterininnl  by  multiplying 
the  required  nunilHT  of  shop  rivi*ts  l»y  }. 

Whenever  two  angles  back  to  back  join  on  a  plate,  the  number 
of  rivets  is  governed  by  the  lK»aring  on  the  connection  plate;  and  when 
one  angle  is  joinixl  to  a  plate,  the  numlnT  (»f  rivets  is  governed  by 
single  shear  if  the  rivet  is  J  inch  in  diameter,  and  by  single  shear  if  the 
rivet  is  I  inch  in  diameter  and  the  plate  is  over  \  inch  thick.  The 
bearing  and  shearing  value  of  the  rivets  are  taken  fn^m  Table  X,  p.47. 

Lourr  End  of  L^  L\:     RivrtH  J-inch.      IMate  j-inch. 

AS  800  +  6  0:J0  -  9  «hop  rivets  re<|Uiicd 
Vpffer  End  ol  l\  l\:     Hivct«  J-inrh.      IMatf  j-inch. 

40  500        Ti  O.iO  -'  8  nhop  or  10  field  rivets 
Vftptr  End  ol  l\  L,       Rivets  J-inch.     Plate  l-inch. 

18  726  4^  4  690  -  4  shop  or  6  6eld  hveU. 
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Lower  End  of  L^  L,:     Rivets  J-inch.     Plate  J-inch. 

12  474  ^  3  130  =  4  shop  rivets. 
EachEndofU^L^i     Rivets  }-inch.     Plate  }-inch. 

11  150  -T-  3  130  =  4  shop  rivets. 
Each  End  of  L,  U^  and  U2  L^:     Rivets  f-inch.     Plate  }-inoh. 

6  240  -T-  3  070  =  2  shop  rivets. 
Each  End  of  U^  L,  and  U^  L^:     Rivets  J-inch.     Plate  J-inch. 

5  580  -^  3  070  =  2  shop  rivets. 

Where  U^L^  and  U^^  join  the  top  chord,  two  rivets  will  be 
required  in  the  top  chord. 

Since  the  components  of  the  two  diagonals  meeting  at  l/,  are 
parallel  and  equal,  and  opposite  to  the  stress  in  U^  L^,  no  rivets  will 
be  required,  theoretically,  to  hold  the  plate  to  the  top  chord.  A 
sufficient  number,  however,  must  be  put  in  to  take  up  the  vertical 
reaction  of  the  purlin.  This  number  is  5  550  -^  3  130  =  2  shop  rivets. 
In  practice  a  greater  number  are  usually  put  in  to  prevent  vibration 
and  to  fill  out  the  plate. 

At  L3  a  sufficient  number  of  rivets  must  be  placed  in  L^  U^  to  take 
up  the  difference  in  stress  between  L,  U^  and  L^  Ly  The  number 
required  is  (18  725  -  12  475)  -^  3  130  =  3  shop  rivets. 

At  the  end  L^  of  the  member  L^  Lj,  there  is  a  horizontal  stress 
of  43  700  pounds,  and  a  vertical  force  equal  to  the  reaction,  which  is 
49  930  -^2  =  24  965  pounds  (see  Fig.  76).  The  force  acting  on 
the  rivets  in  this  member  is  the  resultant  of  these  two  forces,  and  is: 

V43  700^  +  24  965=*  =  50  300  pounds. 

Since  the  rivets  are  J-inch  and  the  plates  f-inch,  the  number  of  rivets 
required  is  50  300  ^  5  630  =  9  shop  rivets.  This  number  should  be 
placed  symmetrically  with  respect  to  the  intersection  of  the  two 
chords.  In  case  the  point  of  application  of  the  reaction  had  not 
coincided  with  the  intersection  of  the  chords,  the  number  of  rivets  must 
be  computed  according  to  the  formula  on  page  36. 

For  the  joint  at  Lj,  a  sufficient  number  of  rivets  must  be  put  in, 
in  order  to  take  up  the  difference  in  stress  between  the  members 
Lq  Z/j  and  L^  L^,  The  number  required  is  (43  700  —  37  450)  -f-  3  750 
=  2  shop  rivets. 

The  purlins  have  a  horizontal  shear  at  each  end,  of  //  -^  2  = 
2  490  ^  2  =  1  245  pounds.  This  requires  1  245  --  4  420  =  1  shop 
rivet  or  1  field  rivet,  to  keep  them  from  sliding  down  on  the  top 
chord.    Clip  angles  5  by  3^  by  f-inch  will  be  used  as  shown  in  Plate  L 
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These  help  in  the  eirctinn  of  tlie  purlins,  since  they  are  sh»p-rivet«l 
Uy  the  truss  and  therefore  hoUI  the  |nirliiiii  in  place  wliile  tliey  an- 
being  field^rivetnl  to  the  truss  and  to  the  elip  angles  (see  Fig.  77). 

Rivrta  in  Lateral  Braring.  The  platejt  of  the  taleml  Itracing should 
be  nuule  }  ineh  thick.  'Die  'A- 
inrh  leg  of  the  angle  will  l>e 
plaoeil  against  the  plate.  Uiv- 
eti  i  inch  in  <Iianieler  can  then 
l»eii.s«I,  undlhe.slrenglhof  the  Clip  Angle- 
joint  will  l>e  gnvcme«l  liv  l>ear- 


Plg.n.  DMalinbawlanCltpAaala 


the  J-inch  plate.  'Hie 
stress  for  which  (he  rivets  are 
to  l»e  determined  is  given  on  p. 
.v..  It  is  27001)  pounds.  'ITie 
numlter  of  field  rivets  in  l»earing 
in  1-inch  plate,  required  to  with- 
stand the  stress,  is  (27  MH)  •¥  4  420)  X  J  ^-  !).  llie  sin'  and  shape 
of  the  plate  ean  l>e  delennine<l  only  while  making  thedetaileil  draw- 
ing (see  Plate  [II,  p.  T)]). 

Drxign  of  Ihr  Splice.  The  general  details  of  the  s|>1ice  will  l»e  as 
ahowTi  in  Fig.  (W,  'ITie  plate  undementh  will  lie  maile  J  inch  thick, 
the  same  ihicknes!)  as  the  ver- 
tical eonnn-tion  plate  at  this 
|M>int.  Note  that  the  memlter  on 
the  left-hand  side  of  the  splic(> 
must  have  ]-inch  shop  rivets,  and 
the  meinl(er  on  the  righl-luml 
side  niiisl  have  l-'itwh  field  rivets. 
The  total  niimlHT  of  rivets  on 
silfii<-ient   to   take  up  the 


FU  TN.     DeUII  of  L««pr  (-bonl  Spllco. 
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either  side  of  the  splin* 

stress  of  the  nienil>er  thnnigh  which  ihey  are  drivMi.  If  eight  J-inch 
fieM  rivets  are  driven  (hmugh  (he  horizontal  Ivjpt  and  (he  Uxtom 
splice  [ilale,  ami  five  J-inch  tii-ld  rivets  an-  driven  thniiigh  the  ver- 
(iciil  plate  and  1(^  of  (he  angles  (siv  Fig.  7.*^),  the  total  strength 
of  the  joint,  rememltering  tlial  the  rivets  an-  J-inch,  will  l>e: 
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:t  1.(0 
Total 
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10  i30  |K.ii 
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Note  that  the  rivets  through  the  bottom  splice  plates  are  governed 
by  single  shear;  anti  those  through  the  vertical  plate,  by  bearing  in 
the  plate.  Since  16  370  pounds  is  the  value  of  the  rivets  through  the 
bottom  splice  plate,  this  amount  will  be  transmitted  to  the  other  side, 
where  it  must  be  taken  up  by  shop  rivets.  Bearing  in  the  plate 
governs  the  number  of  J-inch  shop  rivets  recjuired.  This  number 
is  Ifi  370  -T-  3  750  =  5.  Since  10  370  pounds  of  the  stress  in  the 
member  Z.,  L,  is  taken  up  by  these  5  shop  rivets,  the  remainder, 
37  450  -  16  370  =  21  OSO  pounds,  nnist  be  taken  up  by  the  rivets 
through  the  vertical  connection  plate.  This  rcfjuires  21  080  H-  3  750 
=  6  shop  rivets. 

Since  10  370  pounds  is  transmitted  from  one  side  of  the  splice 
to  the  other  by  means  of  the  bottom  splice  plate,  this  plate  should  be 
10  370  -^  15  000  =  1.09  square  inches  in  net  section.  The  net 
width,  the  plate  being  1  inch  thick,  is  1.09  -=-0.25  =  4.3G  inches. 
If  two  3-inch  rivet-holes  are  taken  out  of  the  section,  the  entire  width 
of  the  plate  must  be  4.30  +  2  (3  +  J)  =  6.11,  say  7  inches  wide. 
The  length  of  the  plate  must  be  sufficient  to  get  in  the  number  of 
rivets,  and  this  length  is  determined  in  detailing. 

Design  of  the  Masmiry  Plate.  If  this  truss  rcste<l  upon  a  masonry 
wall,  it  would  require  a  bearing  of  (49  930  -i-  2)  -e-  250  =  100  square 
inches.  The  width  of  the  plate  cannot  be 
\  ^iycbor  bolt  less  than  twice  the  width  of  the  legs  of  the 
bottom  chord  angle,  nor  should  it  extend 
outside  the  legs  of  the  chonl  angle  more  than 
3  inches  on  each  side.  The  ma.sonry  plate 
will  be  assumed  as  12  inclics  wiilo,  in  which 
Htiiefiir  ruse  it  must  be  HK)  -r  12  =  S.;t4,.say  Sj  inches 
long,  'llie  thickness  .should  be  ■'  inch. 
Trm prrature  Allou-ance.  Plotted  holes  must  be  put  in  one  end 
of  the  truss,  to  allow  for  a  variation  of  L'rf)  degret-s  in  tem|)rrature. 
.\  common  nde  is  to  allow  J-inch  expansion  for  every  ten  feet  of  span. 
ITie  total  allowance  for  expan.sion  is  04  X  i  =  say,  1  inch,  .^incc 
the  lx>lts  which  go  through  this  hole  are  J  inch  in  .liameter,  the  hole 
must  be  long  enough  to  allow  for  \  the  expansion  on  each  side.  The 
width  of  the  hole  should  be  \  inch  greater  llian  the  .liameter  of  the 
bolt  (.see  Fig.  79). 

Connect ioTLs  to  the  Pouts.     If  the  truss  rests  u|«>ti  jmsts  at  the  end, 
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sufficient  rivets  must  be  driven  through  the  posts  and  the  end  con- 
nection plates  to  take  up  the  end  reaction,  which  (see  page  38)  is 
24  970  pounds.  Since  the  rivets  are  field  rivets,  this  will  require 
24  970  -^  3  750  =  7.  This  numlier  is  to  Ik?  used  in  case  the  posts  are 
built  in  masonry  walls.  In  case  the  tniss  has  knee-braces  and  the 
walls  of  the  building  consist  of  steel  framework,  the  reaction  due  to 
the  wind  must  be  added  to  the  al>ove. 

15.  The  Stress  Sheet.  This  should  also  \ye  somewhat  of  a 
general  drawing,  showing  the  details.  It  should  give  an  outline  sketch 
of  the  building,  showing  liays.  the  distances  In^tween  tnisses,  and  the 
bracing  in  the  plane  of  the  top  and  Ijottom  chonls.  See  Plate  I, 
p.  43,  which  is  a  stress  sheet  of  the  tniss  d«*signed  in  Article  14. 
^^^lile  not  necessiir}'.  it  is  vitv  (convenient  to  have  the  recjuired  numl)er 
of  rivets  note<l  u[K)n  the  stress  sheet. 

1().  The  Detail  Drawing.  The  strt\ss  shei»t.  in  the  matter  of 
sizes,  gives  general  dimensions  only.  It  would  Ih'  ini|M)ssible  for  the 
shop  men  to  make  a  tniss  fn)m  the  stress  sheet. 

nie  shop  or  detailnl  dmwings  must  Ik*  pre|mretl  by  the  drafts- 
man. 'Hiese  dmwings  must  show  the  exact  numlnT  of  rivets,  and  • 
their  jxxsitions,  the  dimensions  of  every  plate,  memlKT,  and  purlin. 
The  placing  of  the  dimensions  so  that  it  will  Ik»  uiunvessjir}*  to  add 
or  subtniet  in  onler  to  get  another  «lesire<l  dimension,  is  <|uite  an  art, 
and  can  Ik»  attained  only  thn)ngh  e.\|HTience  or  fn>m  the  study  of 
correctly  detaihtl  work.  Plates  II  and  III  give  the  shop  drawings 
for  a  nM»f  truss  and  the  bnicing.  These  an»  made  ac(*onling  to  the 
latest  and  U'st  practic*',  and  a  thorough  stutly  «»f  them  will  In^ahelp 
to  an  intelligent  di'sipi  of  tin*  trusMvs. 

All  meinlMTs  and  plativs  which  are  to  Ik'  rivi'tnl  togi»ther  in  the 
field  should  U*  given  a  mark.  This  mark  sluniM  U'  |NiinttHl  on  the 
memlKT  <»r  plate,  and  also  markcil  on  the  Marklntj  or  Errdum 
Diatjram  (sei»  Plate  I\  '.  This  diagram  is  a  sketch,  with  the  pii*ces 
in  their  pn>|M'r  |>ositIon  ami  the  <-orrcct  mark  plactil  u|M>n  them.  For 
example,  if  it  is  dc>in'<l  to  rl\ct  into  phut'  the  first  |Minel  of  the  lower 
latenil  system,  the  men  l<M»k  on  the  marking  diagram  antl  see  that 
platt^s  /V,,  /V^,  and  /V^,  an<l  the  laterals  ///.I.  li  L2,  and  li  L'l  are 
ret|uirt\l.  They  w«)ul<l  tihii  p»  to  the  pla<e  where  all  the  tnissi's  are 
pile<l  up,  and  pick  out  the  plates  and  incinlK'rs  with  thes<'  marks  ii|ion 
them.     Tliey  would  then  rivet  /V,  at  /.^,  /V,  or  Pl^  at  /-,,  then  BLl, 
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then  B  L  3,  and  finally  B  L  2,  all  of  which  an*  shown  on  the  Marking 
or  Erection  Diagram. 

Care  should  \>e  taken  to  pve  each  piece  that  is  different  from 
others  in  anv  wav  what.soever.  a  different  mark.  For  instance,  the 
purlins  are  the  same  size*,  and  differ  only  in  length  and  on  account  of 
the  fact  that  one  has  holes  in  the  Iwttom  flange  (see  Plate  III). 

Plate  IV  gives  the  n)of  marking  and  erection  diagram  for  the 
roof  tnisses  of   Plates  II  and    III.      Note  that   the  nK)f  truss  on 
Plates  II  and  III   Ls  not  the  same  as  that  of  which  Plate  I  Ls  a 
stress  shcH't. 

17.  Estimate  of  Cost.  A  nnigh  estiniate  of  the  cost  of  steel  in 
the  nK)f  may  \>e  obtained  by  multiplying  the  weight  of  the  purlins, 
in  pounds,  by  2 J  ct*nts;  then  adding  to  this  the  result  ol)tained  by 
multiplying  the  weight  of  all  the  sttH'l  in  the  tnisses  and  the  bracing 
by  .'U  cents,  lliis  will  give  the  cost  of  the  stt*el  work  in  place  with 
two  Croats  of  paint.  This  will  give  tlie  cost  clost^ly  enough  for  an 
Engineer's  estimate;  but  should  a  Contnictor  desire  to  bid,  a  detailed 
estimate  should  Iw  made  as  indicattnl  in  the  remainder  of  this  article. 

'^Tlie  cost  of  the  roof  covering  may  \ye  appn)ximately  determined 
according  to  the  prices  given  in  Article  '>,  but  may  U*  more  accurat€»ly 
obtained  by  asking  a  Contractor  for  a  figure  which  his  experience 
will  indicate  as  correct. 

Paint  of  various  kinds  may  Ik»  lM)ught  in  ojh'u  market.  Table 
XII  gives  some  of  the  kiiuls  umhI  in  |minting  stnictunil  steel,  to- 
gether with  the  amount  of  surface  one  gidlon  will  c»over. 

TABLK  XII 
Surface  Covered  per  Gallon  of  Palnt^ 
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One  gallon  of  paint  will  give  two  tons  of  structural  steel  the  first 
coat,  or  2i  tons  the  second  coat.  The  cost  of  one  coat  of  paint  in  the 
shop  is  45  cents,  and  two  coats  after  erection  $1.80  per  ton  of  struc- 
tural steel.* 

The  detailed  estimate  of  the  cost  of  steel  includes  several  items 
which  are  given  in  Table  XIII.  In  each  case  the  weight  of  the  steel 
on  which  the  work  is  done  must  be  multiplied  by  the  unit-cost,  and 
the  sum  total  of  all  the  costs  will  be  the  total  cost  of  the  entire  roof  or 
building.  Table  XIII  gives  the  various  operations  which  go  to  make 
up  the  cost,  and  also  the  unit-costs.  Note  that  the  costs  vary  con- 
siderably. This  table  is  given  as  a  rough  guide.  In  order  to  ana- 
lyze intelligently  the  cost  in  this  manner,  great  experience  or  access 
to  the  cost  records  of  some  structural  steel  company  is  necessary. 

TABLE  XIII 
Analysis  of  Cost  of  Roof  Trusses  and  Mill  Buildlngsf 


Operation 

Cost  pf:r 

Ton 

Raw  Material 

$37.00  to  $40.00 

Work  done  at  Rolling  Mills  (mill  work) 

3.00  " 

7.00 

C  Columns 

14.00  " 

20.00 

Work  done  in  Jiridge  Shops    -j  Trusses 

12.00  " 

25.00 

f  Girders 

12.00  " 

25.00 

Work  done  in  Drafting  Room  ^  ^                  i  ti    i  j- 

"              I    Irusses  ana  Builamgs 

.30  " 
2.00  " 

1.00 
8.00 

Painting 

1.50  " 

3.00 

Shipping  (depends  upon  freight  rates) 
Erection 

5.00  " 

15.00 

It  is  not  to  be  supposed  that  all  of  the  operations  indicated  in 
Table  XIII  are  made  on  one  piece.  Usually  pieces  which  have  mill 
work  done  on  them  require  no  shop  work.  In  such  cases  a  saving 
of  freight  is  effected,  since  the  material  may  be  shipped  directly  from 
the  mill  to  the  place  of  erection. 

MILL  BUILDING 

1(S.  Definitions  and  Description.  A  mill  huildincj  consists  of 
a  roof  supjx)rted  either  on  steel  columns,  on  steel  columns  built  in 


♦Pencoyd  Handbook,  1898,  p.  293. 

tComplled  from  Ketchum's  ♦*  Steel  Mill  Buildings." 
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masonry  walls,  or  on  masonry  walls  alono.  'Flu*  r(M>f  may  consist  of 
any  of  the  forms  of  nK>f  tnisst^s  that  have  previously  Ihtu  mentioned; 
and  the  nn^t  eoverinj;.  whieh  may  n»st  on  purlins,  or  «>n  mfters  and 
purlins,  may  c*onsist  of  any  of  tlie  nM»f  covering  mentionetl  in  Article 
T).  In  case  the  nnif  is  sup|)ort(*<l  on  stivl  (*olunuis.  the  (n)Iumns  are 
connectwl  at  their  to|)s  hy  a  stmt  ciillwl  the  vavc-xstrut;  and  they  are 


RHm 


I  Lonfr«m 
JfcSJMoTMtor.or 
I  Vsnttovor 


5ide  Clevotion 
Dotted  Line*  Indicate  LotenaH  Droc»nq 


TruW  Bent  ( Inicrmedio^e ) 


tVocMJ  Lnd  Bent 
Flff  Ki     IMiystcul  AiialyKls  i.f  a  Mill  HulMlntf 

also  e<)nne<*te«l  at  certain  «li.stanc*i*s  tlin)U;:liout  th«*ir  height  hy  liori- 
zitnlal  nienilHT.s  eaUetl  r//r/.v.  TIh*  liuililin^  may  «»r  nniy  n«)t  have  a 
nionitttr  vt-ntilator  on  tnp.  S«»e  Fi^.  ^)  for  p-nrral  form  of  mill 
l>uildin^>,  tnpMhrr  with  the  n;inir>  of  iht*  varioUN  |i;irt.N. 

Thr  rave->tnits  and  the  prt>  an*  umiI  as  a  framework  t»n  which 
to  plaice  tin*  nivrrin;^  for  the  walU  t»f  the  l>uiltlin^.  This  covering 
may  Ik*  of  \mmh1,  of  wire  lath  and  plaster,  or  of  eornipitcvl  steel, 
'llie  eave-strut  may  also  art  as  the  end  purlin. 

Sin<-e  the  majority  of  mill  l)uildin;:s  have  their  HNifs  aiMl  sicles 
oivereti  with  etirni^ite<l  stn-l.  the  n*niaind(*r  of  this  text  will  lie 
devoted  to  mill  lmildinp<  with  this  kuitl  of  covering. 
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19.  Types  of  Buildings.  Mill  buildings  may  be  classified 
according  to  their  width  and  the  number  of  bays  which  they  have. 
A  building  may  consist  of  one  center  bay  (see  Fig.  81).    In  this  case 


doss 


'Glass 


Glass -1^^ 

^,^^71/ 

y 

/ 

30  to  100  feet 

Fig.  81. 


50to40feet         30to60f©o1- 

Fig.  82. 


30  to  40  feet 


50  to  60  feef 

Fig.  88. 


North 


30  to  40  feet 


Gloss 


,^I^1^^I;J=1^C-I?^1^ 

^^^xqx    «nk      ^ 

y^fl  1  P 

Saw  Tooth 

Fig.  84. 


20  to 40  foot  spans. 
Ketch  um '5  Modified  Saw  Tooth 


Fig.  85. 


Cross-Sections  of  Mill  Buildings. 


the  span  may  vary  from  30  to  100  feet.  Usually  side  windows  give 
sufficient  light,  no  skylights  being  required  in  the  roofs  or  monitor  if 
the  span  is  less  than  80  feet. 

The  building  may  consist  of  one  center  bay  and  one  or  two  side 
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bays,  as  shoi^-n  in  Figs.  82  and  83.  Tlie  (niss  of  the  center  bay  is 
usually  of  the  Fink  ty|)e,  and  in  most  cases  is  suppliwi  with  skylights 
and  lights  in  the  monitor.  Tlie  side  tnjsses  for  the  most  part  c*onsist 
of  that  type  in  which  the  chonls  art*  nearly  |)andlel.  The  center  l>ay 
is  generally  not  mort*  than  ()()  ft*et  in  span.  This  is  due  to  the  fact  that 
tlie  crane  ginler  would  Ik*  unnet*t\s8arily  heavy  if  a  longer  span  were 
used.     The  side  sjmns  are  usually  fnmi  3()  to  M)  fc*et. 

In  case  it  is  desirable  to  have  the  building  wider  than  loO  feet, 
and  still  have  it  lightetl  by  natural  light,  the  (»ommon  saw-t(K)th  nx)f 
(Fig.  S4)  or  Ketchum's  nuHlificil  siiw-tooth  (F*ig.  K*'))  is  us«l.  In  such 
nLses  the  bays  art*  seldom  gn*ater  than  40  twi.  Cranes  may  be 
placed  in  one  or  all  of  the  Imys.  ( )ne  grt»at  advantagt*  of  this  type  of 
rtK)f  is  that  it  givesagocnl  light  uniformly  thn)Ughout  the  entirt»shop; 
and  at  anv  time  it  is  desiretl  to  widen  the  shop,  additioiud  Imvs  may 
Ih»  addetl.  The  shop  may  also  Ih»  lengthemnl  by  adding  a<lditional 
tnissi*s  at  the  end.  ( )f  (*ourse,  shops  of  the  first  two  ty|H»s  meiitionc*<l 
mav  Ik*  witlene«l  bv  addition  of  extra  bavs;  but  the  (^oiuiei-tion  to  the 
old  work  will  l)e  unsiitisfactory,  and  skvlights  will  have  to  Ih»  pla(*ed 
in  the  nH)fs  lK)th  of  the  old  Imvs  and  of  the  new  ones.  Vor  views 
showing  the  interi(»r  of  sh(»ps,  see  pages  77  to  S 1. 

2i).  (jcneral  Requirements.  The  pMieral  re<piirements  of  a  mill 
building  de|K»iHl  in  «letail  on  the  pnr|M»se  f«»r  which  it  is  intendi*d. 
The  n*<|uirements  which  are  common  to  all  classes  of  buildings  are 
ventilation,  gotnl  light,  and  tnins|>ortation  facilities  Uith  inside  and 
out.sitle  the  >hop.  'V\\v  tpiestion  of  light  and  ventilation  is  dis<*uss4*d 
on  pp.  I'J  an«l  <"><*».  In  repinl  to  tnin>|iortation  facilities.it  may  l)e 
S4ii<l  that  either  the  building  should  Ik'  plac<il  so  cIom»  to  a  railway 
track  thiit  the  material  mav  Ik*  unloadeil  bv  means  of  a  crane  and 
hauleil  inti»  the  shop,  or  tlu*  tnick  must  run  into  the  shop  so  that  the 
material  mav  Ik*  nnl(»ad<il  and  placi^l  on  tin*  st(K>k  tl<Mir  bv  means  of 
a  cram*  in  the  tenter  bay  and  wall  jib-<nin«'^  >ee  Fig.  1()*J,  p.  Vi)  or 
bv  means  of  hand  tnicks. 

•Jl.  l^>out.  The  pnriMiM*  for  which  the  bulMing  is  intendetl, 
and  its  relatiNe  liK-ation  in  n'p»nl  to  tranN|>ortatii>n  facilitii's,  will 
detennin**  its  layout.  For  niannfactnring  pnr|M»M'>.  it  should  Ih'  si> 
laid  out  that  the  materials  will  always  p;iss  jitnrard  in  g»Mng  fnun  the 
raw  material  to  tin*  finislKil  pnMJnct.  In  g«*neral  it  may  Ik*  siiid  that 
the  engiiu's,  nuuhines  » lathes,  milling  machines,  tlrill  preNM'>,  shears. 
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Drills  ond  Shears 
Lfno  of  CoJomns  -j 


1 

'tnqfne  Room 


I 

Loyinq  out         i  _  _ 

Aoor  |trect«nnoor 


5NppiVK)  Dept. 


•  f^oilrood  Trock 


Una  of  Columns  j  | 


F^inersand  MiUinq  MpchJnw    j       StocK  Room 


Fig.  86.    Layout  of  a  Frog  and  Switch 
Company's  Building. 


They  should 


punches,  etc.),  and  stock  room,  should  be  in  the  side  bays;  and  the 

laying  out,  erection,  and  shipping  floors  should  be  placed  in  the 

center  bay  in  the  order  mentioned.     Fig.  86  gives  a  layout  of  a 

concern  manufacturing  frogs  and 
switches. 

22.  Framing.  The  framing 
of  a  mill  building  consists  of  the 
too]  framing,  which  has  been 
discussed  in  the  preceding  arti- 
cles; the  columns,  which  will  be 
discussed  in  the  next  article;  and 
the  girts  and  eave^strvis. 
Eave-struts  are  a  detail  of  cornice  design.     Various  forms  and 

methods  of  connections  are  shown  in  Article  29,  p.  95,  and  the 

student  is  referred  to  this  article. 

Girts  may  be  made  of  wood,  angles,  or  channels. 

be  designed  for  a   pressure  of  from  20 

to  30  pounds  to  the  square  foot  on  the 

side  of  the  building.    The  spacing  of 

the  purlins  depends  upon  the  thickness 

of  the  corrugated  steel  used.  On  account 

of  the  fact  that  corrugated  steel  can  be 

procured  in  lengths  up  to  10  feet  and 

for  spans  of  5  feet,  the  stress  per  square 

inch  due  to  30  pounds  per  square  foot  is 

about  25  000  pounds.     In  No.  24  gauge 

corrugated  steel,  the  spacing  of  the  girts 

is  limited  to  5  feet  or  less. 

Corrugated  steel  may  be  fastened  to 

the  girts  by  barbed  roofing  nails  in  case 

the  girts  are  wood,  or  by  clinch  nails  in 

case  the  girts  are  angles,  or  by  clips  fas- 
tened with  rivets  or  jV^nch  stove  bolts 

I   inch   long.      Nails    and    clinch   nails 

should  be  spaced  about  8  to   12  inches  apart.     Clips  are  made  of 

No.  16  gauge  steel  from  |  inch  to  2 J  inches  wide,  and  are  spaced  8 

to  12  inches  apart.     Fig.  87  shows  girts,  together  with  the  method 

of  attaching  the  corrugated  steel.    The  number  of  nails,  rivets,  and 
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Fig.  87.    Methods  of  Connecting 
Corrugated  Steel  to  Girts. 
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slovo  holu  in  a  pound  is  to  be  found  in  tht-  ImndlMMttcs  i»f  vbiious 
manufacturers. 

Window-frames  in  mill  huililiiii^t  arc,  in  prneral,  .timilur  to  those 
placed  in  frame  or  brick  Iniildiiij^s.  These  frames  are  fastened  either 
direclly  to  an  iron  framinj;  or  to  wood  nailin^-iHeccs  plaee^l  on  the 
iron  framinj;.  'llic  win- 
dows may  W  filazed  in  the 
usual  fashion  by  means  of 
putty,  or  may  have  the 
glas.-!  held  in  place  by  some 
of  the  mcth»xis  shown  in 
Fig.  r.i.  [..  U.  Windows 
in  the  side  of  the  shop 
may  l>e  .so  fixed  that  they 
may  l>e  raised  and  lowerwi 
aa  the  ordinuPi-  dwelling 
window; or  they  may  slide 
horizontally;  or,  af^in, 
they  may  Iw  fixed  so  (hat 
(hey  cannot  l>e  moved. 
The  windows  in  the  moni- 
tors are  usually  fixe<Iwit)i 
a  swinpnjl  sa.sh  which  can 
l»c  opcratwl  from  the  H(K>r 
of   the  sluip  I  •^f  Fie.  Vt  i 

The  Kla.HS  in  the  win 
dows  may  l>e  the  eonmion 
window  glass,  eomninn 
plate  ftlass,  riblH-d  or  cur- 
rupiled  jclass,  wire  kIhss,  .r  jvimii,^v^,'i,  i  i.-  ■*  s.<ii..n..i.M..iiit-.r 
or  prisms.  Of  these  va- 
rieties, ihc  prisms  and  ilie  riliU-d  or  romiRated  are  the  liest, 
since  they  pve  a  nu>re  unifomi  li^hi  and  are  not  ea.sily  brnken. 
Wire  j^la.'M,  which  is  made  of  wire  nelliof;  moulded  in  the  middle  of 
the  slieel  of  jrlass,  f.Hves  a  very  ffun]  |i>;ht,  iin<l  has  the  additional 
advantaKT  that  it  do«-s  not  crack  uiul  full  out  under  the  action  of 
file  and  wmer.  It  is  considerol  fin-priNif.  Common  window  glasi 
docs  not  (lilfuse  the  li^ht  so  well  as  most  of  the  other  (glasses.     It  is 
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very  liable  to  fracture,  and  for  this  reason  the  inside  of  the  window 
should  be  covered  with  wire  netting.  Prisms  are  made  by  the 
American  Luxfer  Prism  Company,  of  Chicago.  They  may  be 
obtained  up  to  84  inches  in  width  and  36  inches  in  height.  The 
width  is  parallel  to  the  saw  teeth.  Figs.  88  and  S9  give  sections 
of  windows,  showing  the  framing.  Attention  is  called  to  the  fact  that 
the  roof  on  the  monitor  should  overhang  sufficiently  to  prevent  the 
^  water    from    dropping 

upon  the  swinging  win- 
dow when  it  is  fully 
opened. 

Doors  may  consist 
entirely  of  wood,  of  a 
frame  of  angles  covered 
with  corrugated  steel, 
or  of  corrugated  steel 
alone.  The  first  two 
classes  may  be  so  fixed 
that  they  will  slide,  as 
in  the  folding  doors  of 
residences;  open  out- 
ward like  a  conmion 
door;  lift  vertically;  or, 
in  case  they  are  madtr 
entirely  of  corrugated 
steel,  roll  up  like  a  win- 
dow-shade. This  latter  door  is  a  patented  one.  Shop  doors  are 
seldom  made  to  open  outward  or  inwani,  on  account  of  the  space 
required — a  space  which  can  be  devoted  fo  better  purposes.  Figs. 
90, 91,  and  02  show  dclails  ot  the  above  doors- 
Let  it  be  re<]uircd  to  design  the  girt  when  the  trusses  are  16 
feet  apart  and  the  girts  are  5  feet  center  to  center.  The  moment 
.    5  X  16  X  30  X  16  X  12  _ 


quired  section  mmhilus 


57  600  pound-inches;   . 

57  600 
'  15000 


the 


=  3.S4.    By  inspecting  the  tables 


in  the  Carnegie  Handbook,  pp.  97  to  119,  it  is  found  that  the  fol- 
lowing shapes  will  be  sufficient; 
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I     BuCT 


One  5-iiich  9  75-pounrl  I-bpam 

One  fi-inch  8  00-pound  rhaiKiel 

One  ^,',  by  ai-inrh  10  :i-p.und  ipp-har 

One  0  by  4  by  ,'4-inch  N   3-|H>unii  angh  3  »3 

From  this  it  is  evident  that  tlic  chnnnol  is  llie  most  cfTicicnt  and 
economical. 

23.  Columns.  Columns  may  consist  of  almost  any  comhina- 
lion  of  shapes,  either  latticed  or  itmnccted  by  plates.  Some  of  the 
most  aimmon  cr<i,'«-section,s  are 
sho«'n  in  Fig.  93,  those  illustrated 
in  b  and  r  lK-in|;  ii.seil  to  a  preat 
estent.  'riie  udvuntagc  of  these 
forms  in  lliiit  they  pve  a  small 
ratlins  of  ^nition  alxiut  the  axis 
h-h,  and  a  larper  one  alxmt  the 
axis  a-a  (see  Fip.  !M|.  This  is 
pspeeially  desinihle.  since,  in  ad- 
dition to  the  direct  stn-ss  dne  to 
the  weijjht  of  the  cnmes.  nrnf 
truss,  ant!  cinerini;,  the  cnhimn 
must  withstand  the  innment  due 
to  the  wind  and  In  the  i-cccnlric- 
ity  of  the  runway  trinl.r.  Iloth 
of  thes4-  ninnieiits  lend  In  UikI 
the  c«)himu  iinmriii  iheitxi^  fl-fi.       ,^.    -^  —  •>  ^ 

The  l>en.iint:  nirriieui  <iue  t..  the         J^^3J^ V^ 

eccentricity  I'f  tli.-  runway  pnier        ^,|^.  ^^    iw-niLf  vrm,»in..Miv-,r. 
Ls  e<iual    to    llie  rtaciion  of  llie 

pirder.  dm.,'  the  di-ilanee  fnirti  ihe  outer  of  the  cohunn  (see  Fips. 
!l.'i  and  '.«•"■  .  In  <a>i'  llie  details  of  the  column  an-  as  given  in 
Fip.  If'.,  the  dlrii  1  loud  ilue  to  the  n-arliim  of  the  tni.-vs  and  its 
i-Mvering  pnnhins  a  moment  diie  to  its  eci-entrieiiy.  This  moment 
is  It,  >  *■,.  .-iiiee  /{,  acts  on  the  ..]>[-i>ile  .-.Iile  of  the  center 
of  the  column  in^w  the  |>oint  of  aitioii  of  /^.  ii  lends  to  countenicl 
tile  efTecl  of  die  im  inent  due  to  the  etxrnlriiitv  of  ihe  nuiwuy  pinler. 
'ITie  total  moment  due  to  eecvntrieily  Ls  .1/.      /f,  X  i,  -  Ji,  X  f-     If 
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the  6rst  term  of  this  equation  is  less  than  the  last  term,  the  compres- 
sive stress  on  the  side  of  the  column  with  the  runway  girder  is  increased, 
and  vice  versa.    The  stress  in  the  column  from  the  runway  girder 


to  the  roof  is  that  due  only  to  the  vertical  reaction  of  the  roof  and  the 
bending  due  to  the  wind.  In  that  part  of  the  column  below  the  crane 
girder,  the  stress  is  that  due  to  the  direct  action  of  the  weight  of  the 
roof;  its  eccentricity,  if  there  be  any;  the  direct  action  and  eccen- 
tricity of  the  runway  girder;  and  the  bending  moment  due  to  the  wind. 
The  bending  moment  due   to  the  wind  is  less  in  this  part  of  the 

H  KH  H  IT  11  ]:;[ 

a  b  c  d  e  f 

Plg.W.    Cross-SeotlonaofCilumns. 

column  than  it  is  at  the  foot  of  the  knee-bracing,  but  it  is  customary 
to  consider  it  the  same. 

In  order  to  prevent  eccentric  stresses  due  to  the  reaction  of  the 
runway  girder,  an  extra  column  to  carry  the  crane  girder  is  placed 
alongside  the  roof  column  (see  Figs.  100  and  117,  pp.  7.}  and  SS). 
This  is  much  used  by  A.  F.  Robinson,  Bridge  Engineer  of  the  Atchison, 
Topeka  &  Santa  F^  Railroad  System,  who  claims  it  to  be  a  very 
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FVg* 


Himwij. 


BilvuiKafrt'  of  this  is.  lliat,  if  at 


econcunical  and  efficient  deliiil. 
any  timv  it  is  (](<;siraliU'  to  use  a  heavier  cniiie. 
removitl  and  a  sirungcr  one  put  in  it.s  place, 
without  in  any  way  affecting  the  remulnder 
of  the  buil<)ing. 

In  order  to  illuslmte  the  design  of  n 
column,  let  it  l>e  reiitiired  to  design  a  col- 
umn with  detail  as  shown  in  Fig.  O'l,  the 
height  U-inp  20  feel,  the  distumt>  of  the  nin- 
way  ginler  fmm  tlie  face  of  the  cntiiiiin  N 
inches,  the  dinvt  stn-ss  l">(i(IO  jNuinds,  luid 
the  (tending  moment  due  to  the  wind 
!I2.1 000  i->und-inclies.  The  reaction  of  ilie 
runway  ginler  is  20  000  |N>unds.  The  stn-ss 
due  to  the  (tending  moment  cauM-d  liy  ihe 
wiuii  and  the  wct-ntricity  of  the  ninwiiy 
girder  must  U-  worked  out  liy  fonnula  s. 
•'Strength  of  Mmerials,"  ]..  Mi;  iin<l  to  this 
must  Ix-  add<-d  the  diml  stn's.s  caUMil  l>_v 
the  weight  of  the  ruof  and  die  cmne-girdcr 
n-sction.  I 

SintT,aeronling  to  Article  l.'t,  the  unit-     nn  pi    itiin«aT<>ini<T>Dd 
fltress   must  lie    nxluced  one-half  in  <ieler- 

mining   the  seelion   (>■  witli.slaml  stn-SM-s  due  to  crnne  loads,  tbe 
mtrnent  due  to  the  crane  loads  un<l  also  it^  direct  urlion  must  be 
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Fig.  BT.    lUustratlOB  Problem 


multiplied  by  2  in  order  that 
the  same  formula  for  the  unit- 
stress  maybe  used  throughout 
in  the  design  of  the  column. 

Let  four  5  by  31  by  §-inch 
angles  with  a  16  by§-inch  web 
plate  be  assumed,  and  placed 
as  shown  in  Fig.  97. .  These 
angles  have  an  area  of  3.05 
square  inches  each;  and  a 
moment  of  inertia  parallel  to 
the  long  leg,  of  3  IS.  Then 
(see  "Strength  of  Materials," 
pp.  48-53),  the  moment  due 
to  crane  reaction  is  20  000  X 
(S.125  +  S)  =  322  500  pound- 
inches.  Accordingly,  in  using 
this  in  the  formula,  it  will  be 
2  X  322  500  =  04.5  000  pound- 
inches;  and  this,  added  to  the 
924  000  pound-uK-hes  due  to 
the  wind 
inches. 


Fly.  0?,    Di'iail  uf  ColumD. 

make  a   total  bending  moment  of  1,.")69,000  pound- 
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/.-a-4X3.1S  +  4X3.05X7.265'+  -^^   -  -  784.72. 

, ;  784.72 

"—  -  V  4X3.05 +  iX  16  ~  ^-^^ 


The  allowable  unit^stress  is: 

P  =  24 000-110  ■x^^A^- 


19  975  pounds  per  square  inch. 


Pig.  SB.    Detail  ot  Column. 


HS 


Fig- 100.    Detail  of  Colamn. 


The  actual  unit-stress  (see  "Strength  of  Materials,"  p.  86),  is: 
.      ,5600  +  2  X  20000 '  =""»  ><  "^ 


-  3024  +  16420 

B  19  444  pounds  per  square  inch. 
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Since  this  is  slightly  less  tlian  the  allowable  stress,  19  975  pounds 
per  square  inch,  this  section  is  the  correct  one. 

Details  of  columns  are  shown  in  Figs.  98,  99,  and  100.  In  case 
the  column  is  considered  fixed  at  its  base,  the  base  of  the  column  is 
usually  made  as  shown  in  Fig.  99.  Long  bolts  deeply  imbedded  in 
the  masonry  are  run  up  through  the  holes  a ;  a  heavy  washer  is  placed 
over  the  bolt,  and  the  nut  screwed  down  tightly.  Each  bolt  must  be 
designed  to  withstand  a  stress  of  II^x  n  -i-  2d  (see  Figs.  43  and  99). 
24.  Knee-Braces.  The  determination  of  the  stresses  in  knee- 
bracing  has  been  made  in  Article  9.  Knee-braces  consist  of  two 
angles  placed  back  to  back,  and 
are  joined  to  the  column  and  roof 
truss  as  shown  in  Fig.  101  and 
in  the  figures  showing  cranes. 
They  must  be  designed  to  with- 
stand the  greatest  compressive 
stress;  and  must  also  be  examined 
to  see  if  they  are  safe  in  tension, 
since  they  are  under  either  tensile 
or  compressive  stresses  according 
to  the  direction  in  which  the  wind 
blows. 

The  knee-brace  for  the  truss- 
bent    of   Article  9  will  now  be 

EMg.  101.    Detail  of  Knee-Bracu  aod  i      ■  i         t-i 

conneciioQs.  designed.      llie  maximum  com- 

pressive stress  is  21  440  pounds. 
The  radius  of  gj-ration  must  be  at  least  131  ^  120  =  1.09.  Two 
angles  3j  by  3  by  iV'"<^li'  placed  Imck  to  liack  with  their  longer 
legs  \  inch  apart,  will  be  assumed,  since  they  are  the  .smallest  size  to 
be  used  with  r  —  1 .09  or  greater.  The  radius  of  gyration  al>out  an 
axis  perpendicular  to  the  longer  legs  is  1.10;  and  the  allowable  unit- 
=  24  000 ---"^ -J--- ■    -    H)!)(H)    jwumls   per  square 

21  440 

the  length  being  131   inches.     The  required    area  is  ^,10.^ 

—  1.97  square  inches.  Since  this  is  less  than  the  given  area,  and 
since  the  angles  are  the  smallest  allowed,  these  angles  are  suffi- 
cient. The  maximum  tensile  stress  is  8  G40  jwunds,  and  the  required 
net  area  is  8  640  -;-  15  000  =  0.5S  square  inch.    The  net  area  given 


stress  1 
inch, 
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liy  the  anftlcs  is  3X1  -  ()..">  -  :i..11  s<(iiiin'  imlH-M.  tw»  J-imli  rivet- 
holes  beiii^  lukcn  out.  Thi.s  shou.s  iht-  uii(:lt>s  to  Ix*  ain[)l}'  safe  in 
iLtuuon,  and  they  will  thvrcfort' Ik-)i.-(i-<1  for  (hcMvciuiiof  thcknrr- 
linirra. 

2r>.    Runway  Girders.    Thr  ninway  pnlers  pxtt-iul  fnun  rolumn 
to  colunin  «iti  rarh  side  (if  the  Iwiy  in  whicli  the  ninh-r  runs.     An 


in-I»vti..ii  ..f  ilir  li_-ii..  ..I"  (!:■  .in^l.  ».!!  ^,\>-  ..  .l..ir  i.h-;«  -.f  iheir 
!--!ii..i.  ^.ri.l  l)>Mi  .l.i.,.l-  a:..;  J  il:.  .  .-T.i.  t-  r.Lti  tl,.- wli.vl,  wSiirL 
Mijii-.n    tin'  -ii.l  i.f    ill.  .  r.n.  I  1  -  .  t,ir;.  iik.\  In-  a  -.niiilt  hoi.>t.  a^ 

mi:,;itMi  ill  Im-     HiJ.  1m;.  .„.,|  HH.  „,  u!,:.l,  ..,„.  (li.- .TiUir  cIH.t 

«.liM>t.  of;,  -.I!,,.l.-  l-|..-.,r;,       li-i-.n-.l  I.;    I«,.«l„-,1,  !,I   thr  .-I,,!,.  .111.1 

tin-.-.-  iirt-  :.l.i. -.1  <  l.-i-  i>u'.  ■.!-■!      ill   -liiiT  iii«--  lUi-  .niinM-i'iisis'-iof 
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two  girders  placed  side  l)y  side,  upon  wliicli  nms  the  caniaf^  carrj-ing 
tlie  lioist.  This  ty[K;  of  crane  is  siip[»orfi.'d  ujmhi  four  to  eight 
wliecis  (see  Figs.  105,  lOfi,  107,  lOS.  100.  and  1 10). 

The  maxiuium  iH'nding  ninmcnt  and  shear  in  a  ninway  girder 
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wilt  depend  upon  (he  capacity  anil  span  of  the  crane,  and  alao  upon 
the  distance  apart  of  the  wheels  at  its  ends.  Where  (he  bending 
moment  is  not  too  great,  the  ruiinuy  girders  may  be  composed  of 
channels  or  I-I)eams  (sec  FigK.  Itk'i.  104,  and  lOfi).  In  case  the 
moment  is  too  great  to  make  the  um-  of  these  possible,  the  runway 
girdeM  are  com|>iKS4><l  of  )iht le-gink-rs  (see   Figs.  10.">.  107   to   110^ 


-.f   i: 


I'lati'-ginh-rs  «iiri 

rivetol  to  it  III  i(s  iip|MT  i 

and  out-  pditi'.  ralUiI  <li<- 

anytm;  iiiiil  (he  two  aii).>li- 

ar»-  ciilliil  ihi-  //.(.../,..-     A 

to  or  IfNS  thill 

of  the  W.-I.  |.l 

stiffen   t)it'  ui 

general    view 

vftrious  |Htr(s. 


ill   |>liite  <iill.-.i  a  ii-tl'  }>(iUr.  which   lia.<i 

it  lower  eiljp".  two  ati):les.  or  (wii  angles 

iT-fliilr.      'Mie  ali|;les  are  riilliil  ^atigf 

oL'-ther,  ami  the  nrter-plate  when  used, 

iTtain  lii-taiu-es  silnng  il--  length,  etjiial 

leptli.  \i  rliial  an;:!.-  :in-  riveteil  on  ii|>|>i)sile  sides 

'rii.-.i-  an'  .  :illi-.i  .^hf,  ti,  r,f,  their  function  l>eing  to 

..l.-r  111.-  a.  linn  ..f  iliv  -hear.      Se.-  Fig.  Ill  fnra 

I    |>)al.-^inl.T,   logelher   with    (he    names    of    (be 
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TABLE  XIV 
Majdmum  Crane  Reaction 
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TABLE  XV 
Typical  Eilectric  Cranes 
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ohtaiii  tlir  inaxiintnn  .shear  at  anv  si^ctioo,  as  a  a,  tlir  load  should 
Ik*  phunni  lis  shown  in  Ki^.  I  ir>;  and  thr  niaxinnnn  sht^ar  will  thrn  Ik* 

F 
ilw  Mi   n*artion,  whirh   i.^  H       '21*  *x   *         i  :   /,   for   twowhwLs; 

a  - 

utid  li       4  /*  (J*  -T    /•    •    ., »  ■:   /.  for  four  wlxfls. 

'Ilif  valurs  of  /*  for  tnivrlin^  tninrs  of  various  caiMicitirN  and 
>|mn.s  inav  Ik*  ohtaiiuil  u|>on  writ- 
ing; t(»  thr  various  cranr  nianufar- 
tiirin^  <'oin|mnirs.  wIiom*  addrt'ssr^ 
will  Ik*  found  in  tht*  advertising; 
M*<'tions  of  the  en^inei-rin^  |MTi- 
(Miiead.N.  I'he  distanri's  iH-iwitn 
wheels  niav  Ih*  ohtained  fn»in  llitir 
(*iitalopie.H.  which  nia\  )k*  had  n|Min 
upplieation.  Tin-  \ahifN  «if  /'.  and 
the  distan^'es  iM'two'u  uhffU  f«»r 
enine.s   of  \arious    span^    and    <  .i  \  .^  wr    ^i,..«if.^  \..'.»tj.in  umni  to 

|iHeiti<*s.  an*  p\en  in  Taliif  \l\  . 

whieh    is  madf  fn»ni  infonnalion  furni-^htil   (lin»uj^h  the  c-ourte^v  of 
Puwlin^  \  IlanuM  lifr;;ir.   Miiuaiikr*-.  WiNiMiiNin 

'Hie  value.s  in    Tahle  W  an*  taken  fn»in  the  **  rran.siietions*'  of 
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the  American  Society  of  Civil  Engineers,  Vol.  54,  p.  400, 1905.  They 
are  for  typical  traveling  electric  cranes,  and  are  proposed  by  Mr.  C.  C. 
Schneider,  one  of  the  most  distinguished  of  structural  engineers. 

The  side  clearance  B  from  the  center  of  the  rail,  and  the  vertical 
clearance  of  the  beam  from  the  top  of  the  rail,  are  given  in  this  table 
(see  Fig.  1 16).  These  values  for  the  cranes  of  diflFerent  manufacturers 
may  be  obtained  from  their  catalogues;  and  they  must  be  known,  in 
order  that  the  crane  shall  not  interfere  with  the  columns  or  the  roof 
trusses. 

If  the  runway  girder  is  composed  of  an  I-beam,  a  channel  is 
usually  riveted  to  its  top;  and  on  this  the  rail  on  which  the  crane 
wheels  move  is  fastened  down  at  intervals  (see  Fig.  107)  of  about 
2i  or  3  feet.  Figs.  106  and  117  show  details  of  this  kind  of  girder. 
Note  that  the  rails  are  U-shaped  (see  Fig.  105).  This  rail  is  used 
extensively,  although  in  many  cases  the  common  T-rail  is  used  and  is 
fastened  down  by  means  of  clamps  around  the  edge  of  the  flange  of 
the  girder  (see  Fig.  110). 

In  case  plate-girders  are  necessary  for  runway  girders,  they 
must  be  designed.  The  depth  of  these  girders  should  be  yV  ^^  i  ^^ 
the  distance  between  trusses  or  columns — that  is,  yV  of  their  span ; 
The  depths  must  be  in  the  even  inch.  For  example,  if  the  trusses 
were  16  feet  apart,  the  depth  of  the  girder  would  be  16  -j-  10  =  1.6 
feet,  which  is  equal  to  19.2  inches.  The  depth  of  the  girder  must 
then  be  made  20  inches,  since,  if  it  were  made  19  inches,  it  would 
be  difficult  to  obtain  a  web  plate  19  inches  wide,  for  the  mills  do  not 
as  a  rule  have  plates  of  odd-inch  widths  in  stock. 

The  thickness  of  the  web  plate  is  given  by  the  formula : 

but  in  no  case  shall  it  be  less  than  ^  inch.  In  this  formula,  V^ 
is  the  maximum  end  reaction  of  the  runway  girder.  It  is  equal 
to  R  as  given  by  the  formula  on  p.  87,  when  x  is  equal  to  I  —  F,  and 
d  is  the  depth  of  the  girder,  which  is  equal  to  the  depth  of  the  web 
plate,  and  S,  is  the  unit  allowable  shearing  stress. 

The  flanges  are  composed  of  two  angles,  placed  with  the  long 
legs  horizontal  in  case  unequal-legged  angles  are  used.  The  required 
net  area  of  one  flange  is  given  by  the  formula : 


A/m 


S,  (d-2)' 


295 
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in  which  M^  is  the  moment  obtained  when  the  wheels  are  in  the 
position  shown  in  Fig.  113,  S^  is  the  unit  allowable  tensile  stress,  and 
d  is  the  width  of  the  web  plate.  If  the  area  A  has  been  computed, 
two  angles  must  be  found  from  the  tables  in  the  Carnegie  Handbook, 

such  that  when  one  J-inch  or 
0        ls^.     2nd.    Srd.    4th.    5tH.  f-inch   rivet-hole,  as  the  case 

may  be,  is  taken  out,  each  angle 
will  give  a  net  area  equal  to  or 
slightly  in  excess  of  the  area  A. 
These  flange  angles  must  be 
riveted  to  the  web  by  rivets 
placed  a  certain  distance  apart. 
For  convenience  of  manufacture,  the  girder  is  divided  into  ten  equal 
parts,  and  the  rivet  spacing  between  any  two  of  these  divisions — or 
tenth-poinis,  as  they  are  called — is  kept  the  same.  These  tenth- 
points  are  numbered  (see  Fig.  118).  The  rivet  spacing  in  the  first 
division    is    the 
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Pig.  118.    Positiou  of  Tenth-Points. 
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O — Q- 


same  as  that  com- 
puted for  the  end 
of  thegirder,  which 
is  the  zero  tenth- 
point;  the  rivet 
spacing  in  the  sec- 
ond division  is  the 
same  as  that  com- 
puted for  the  1st 
tenth-point;  and 
so  on.     The  rivet  spacing  at  any  point  is  given  l)y  the  formula: 


t^ 


-e---e- 


Fii;.  119.    Det^^rminalion  of  Distance  between  Gauge  I^ines. 


,S^=  - 


V 


V  (';;-)■  -  (w)' 


in  which, 


Vx  =  Maximum  shoar  at  the  point; 

V      -^    Maximum  allowable  stress  on  one   rivet;    this  will  be  the  bear- 
ing value  of  the  rivet  in  the  web  plate  (see  Table  X,  p.  47); 
P    -=  Maximum  reaction  of  one  erane  wheel  (see  Table  XIV  or  XV); 
hf    ^-  Distance  between  gauge  lines  of  the  angles. 

In  case  there  are  two  gauge  lines  on  the  angle,  then  the  distance  A^  is 
the  distance  between  centers  of  these  gauge  lines  (see  Fig.  119). 
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Table  IX,  p.  4r»,  gives  the  piu^»  lines  for  differtMit  lengths  of  angle 

legs.    If  S  gives  a  vahie  less  than  2  J  inches,  the  leg  of  the  angle  agamst 

the  web  must  \>o  5  inches  i)r  more,  on  account  of  practical  limitations 

of  manufacture. 

20.     Kxamplf,s.     In  onlcr  to  ilhistmte  the  pre<T«ling  methods, 

two  problems  will  \h*  worktnl  out. 

1.  Dt»»ipn  21  runway  jjinlor  for  a  .5-ton  rrano  of  4()-foot  span,  the 
m*h€»rl  loadH  an«i  whcrl  Unsv  Iwin^^  ixs  givm  in  Tabh*  XV,  p.  .s7,  and  the  «lin- 
tancc  iM'twt'rn  truHWH  20  (voi. 

In  onler  to  pnHlucr  the  maximum  moment,  the  whcvl  must  l)e 
placed  as  shown  in  P'ig.  120.  The  Mi  reaction  is  12  (KK)  (2.125  4- 
10.()()  4  3.r)2:))  -^  2<)  -  <)4r>().  The  moment  undir  wheel  1  is 
9  4.50  X  7.S7.">  X  12  -  S04  (KK)  |>ound-inches,  whi(4i  retjuires  a  sc***- 
tion  modulus  of  MM  (KK)  -:-  ir)(KK)  -  .V.).(iO.     Ix)oking  in   the  Car- 
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Fig.  190.    Powltion  for  MaximtiTn  Motnrnt      FIjc  121.    Position  f«»r  Maximum  Moment 
for  l*robl««m  i  tui  Va^*-  \f\.  for  Pmbii'm  2  on  Vau*'  vi. 

negie  HandlMH»k,  pp.  1)7  and  *.)S,  it  i.s  mh^u  that  a  l.Vim'h  42-|Knind 
I-I)eam  with  a  .s4»ction  nKMJuhis  of  .'is.D  will  \h*  sutlicicnt,  .sin^t*  the 
section  iuinIuIuh  i>  lcs>  than  21  |mt  tent  under  that  n'<juinil. 

2.  I)«»^ii:n  a  ^un^^ay  >:ir«l»r  fnr  a  .'iO-tnrj  rranr  «)f  t»0-fn<»t  hpan,  the 
who<4  lt>a«l?*  an«l  wln-i'l  |ia*»«*  ln-jn^j  a.s  >;i\rn  in  Tahl*'  \V,  aiul  tlii*  (iintance 
l>t»twi*<»n  tni?*M"»  JO  fiM't. 

The  whifU  an'  placcil  in  |>ositi(>n   as  shown  in  Fi^.  121.    'ITie 

,  .  .        ,    .'>2  ( M)( )  ( 1 2  7r>   i    1   7.">»         ., .^,  ,  ,     . 

left    reaction    is  .\t  «()()  immukIs;   and   the 

L>l)  ' 

niaxinnnn  monitMit.  which  tKtiirs  und«T  wheel  I,  is  .'C  7(K)  X  7.2.")  X 

12       .'i  2>v.'i  (MM)  |H>mid-inilu'N.     Tlu'    niaxinmiii    shear   cH-eurs    when 

the  wheels  an*  in  jM»sitioii  a^  shown  in  I'i^.  112.  p.  S'>,  and  is  7.')  4(X) 

pomul.s.     The    niimnti    tlii<kiiess    of    the    u<4>    is  -  ■» 

^  *  10  (MK)  X  24 

0.:il4   inch,   the  depth   Uin^'  2t)    :-  U)       2  ftvt       21   inches.    ITic 
web  will  Im*  made  24  inclu*^  wide  and  i  inch  thick 
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The  reciuired  net  flange  area  is 


3  285  000 


=  9.97  square 


15  000  X  (24  -  2) 

inches  for  two  angles,  or  4.99  scjuare  inches  for  one  angle.  An  angle 

6  by  6  by  J-inch  gives  a  gross  area  of  5 .  75  square  inches  and  a  net 

area  of  5.75  —  0.50  =  5.25  square  inches,  one  |-inch  rivet-hole  being 

taken  out   of   the  section.     Since   this  area  coincides  quite  closely 

with  the  required  area  and  is  larger,  it  will  be  used.     A  6  by  3J  by  |- 

inch  angle  would   have  been  better  in  regard  to  area,  but  the  rivet 

spacing  is  less  than  2f  inches  at  the  end,  and  this  required  a  double 

gauge  line  and  therefore  a  leg  5  inches  or  over. 

The  maximum  shears  at  the  tenth-points  are  now  computed, 

and  are  tabulated  as  follows: 

Vq  =  75  400  pounds. 
V,  =  65  000 
V^  =  54  600 


Vj  =  44  200 
V^  =  3.3  800 
Vj  =  26  000 


ft 


ft 


ft 


tt 


The  value  of  the  shear  to  be  used  in  any  particular  case  is  given 
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Fig.  123.    Determination  of 
Size  of  Stiffener. 


Fig.  122.    Stress  Sheet  of  Runway  Girder  of  Problem 

2  on  Page  1)1. 

above.     In  this  case,  P  =  52  000  pounds ; 
V  =  Cy  570  pounds,  J-inch  rivets  being  used ; 

and  Ar  is  241  -  2  I  2i  +  ^1  =  17.5  inches.   The  rivet  spacing  for 

the  first  division  or  first  two  (vvt  of  the  span  is: 

f)  570 


S  = 


=   1 .  n  1,  s;iy  1  \  inclK'S. 


The  rivet  spacing  for  the  other  divisions  may  l)e  computed  by  the 
student.     It  is  given  in  Fig.  122.     The  wel)  of  the  girder  should  Ik* 
stiffened  as  shown  in  the  figure,  by  angles  placed  as  there  indicate<l 
The   thickness  of   the  angles  should   not  be  less  than  -i%  inch,  nor 
greater  than  \  inch.     The  size  of  the  angles  should  be  such  that  the 
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RoofSted-)    Oirch Rivets 
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outstanding  leg  does  not  reach  beyond  the  leg  of  the  fiange  an^e 
(see  Fig.  123),  This  makes  their  size  as  shown  in  Fig.  122.  The 
crane  rail  may  he  connected  directly  to  these  and  the  flange  angles; 
or  a  channel  may  be  placed  over  the  flange  angles  and  riveted  to  them 
in  a  manner  similar  to  that  employed  in  the  case  of  I-beams,  the 
crane  rail  being  fastened 
to  that.  If  this  latter 
detail  is  employed,  the 
are»i  of  the  channel  is 
reckoned  as  forming  part 
of  the  upper  flange;  and 
the  net  area  of  the  angle 
must  then  be  equal  to  the 
required  net  area,  less  the 
net  area  of  the  channel. 
27.  Ventilators.  Mill 
buildings  may  he  venti- 
lated by  means  of  small 
circular  ventilators  such 
as  shown  in  Fig.  69,  p. 
41,  placed  at  certain  in- 
tervals along  the  ridge  or 
peak  of  the  roof.ir  by  means  of  monitors  as  shown  in  Fig.  71.  The 
sides  of  these  monitors  may  be  fitted  with  swinging  glass  windows, 
with  wooden  or  metal  lt»uvres,  or,  in  case  a  large  amount  of  ventila- 
tion is  required,  may  be  simply  leftopen.  Figs.  124, 12.5,  and  120  give 
details  of  monitors,  and  show  how  they  are  connected  to  the  tntsses. 

28.  Gable  Details.  The  gable  is  the  end  of  the  roof  at  that  end 
of  the  building  which  is  parallel  to  the  roof  trusses.  Since  this  extends 
beyond  the  plane  of  the  .side  of  the  building,  some  method  must  he 
employed  in  connecting  the  outer  edge  wiih  the  wall  of  the  building, 
in  order  to  keep  out  the  rain  and  wind.  Fifi--^-  127  and  128  give 
several  details  whicli  are  eflieient  and  at  llie  same  lime  economical. 

29.  Cornice  Details.  The  cornice  is  that  edfic  of  the  roof  which 
is  jierpcndiculur  to  the  planes  ofllie  r(M>f  Inisses.  In  addition  to 
being  necessarily  so  constructed  as  lo  keep  out  the  wind  and  the 
elements,  it  must  have  in  many  cases  si>mc  fonn  of  gutter  connected 
to  it,  which  takes  the  water  off  the  roof.    This  gutter  should  be  con- 
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Fig.  130.    Cornice  Details  for  Steel  Roof. 
See  also  Figs.  129  and  131. 
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Fig.  133.    Ridge  Roll. 
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Fig.  134.    Detail  of  Cinder  Floe  r. 


Fig.  131.    Cornice  Details  for  Steel  Roof. 
Figs.  129  and  130. 


See  also 


nected  at  intervals  of 
every  three  bays — or,  in 
case  this  exceeds  50  feet, 
every  two  bays — with  a 
pipe  or  conductor  to  carry 
the  water  to  the  ground. 
Gutters,  as  a  general 
thing,  are  semicircular  or 
nearly  so;  and  for  ordi- 
nary spans  they  .should 
not  be  less  than  6  inches 
wide.  Conductors  should 
not  be  less  than  5  inches 
in  diameter.  It  is  not 
to  be  supposed  that  the 
water  entirely  fills  either 
the  conductors  or  the 
gutters.  The  sizes  are 
made  so  as  to  allow  for 
any  obstruction  such  as 
dirt  or  ice.  Gutters 
should  preferably  have  a 

pitch  of  one  inch  in  every  10  feet.     Figs.  129  to  131  give  details  of 

cornices  with  various  forms  of  gutters  attached. 

The  ridge,  or  peak  of  the  roof,  is  usually  covered  with  a  plain 

sheet  of  metal,  in  which  case  it  is  called  the  ridge  cap;  or  with  a 


Fig.  132.    Ridge  Cap. 
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metallic  roll  with  flared  sides,  in  which  case  it  is  called  &  ridge  roll. 

Figs.  132  and  133  show  cross-sections  of  a  ridge  cap  and  a  ridge  roll. 

30.     Floors.    The  floor  of  the  shop  depends  very  largely  upon  the 

purpose  for  which  the  building  is  intended.     It  may  consist  of  earth, 
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Fig.  135.    Detail  of  Asphalt  or  Coal-Tar  Concrete  Floor. 
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Fig.  136.    Detail  of  Concrete  Floor. 
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Fig.  137.    Detail  of  Floor  of  Steam  Laboratory  of  the  University  of  Illiu  Ms. 

cinders,  boards,  concrete,  or  sheet  steel.  In  cases  where  men  are 
required  to  work  standing,  cinders  or  boards  give  the  best  results. 
Earth  floors  will  wear  into  holes  in  places  where  the  men  stand,  and 
concrete  or  steel  makes  them  foot-weary  on  account  of  its  inelasticity. 
Where  heavy  machinery  is  installed,  and  men  are  seldom  present 
except  for  a  short  time  at  certain  periods,  concrete  makes  an  ideal 
floor.  Figs.  134,  13."),  and  130  show  details  of  various  kinds  of  floors. 
Fig.  137  gives  a  detail  of  the  floor  in  the  Steam  Engineering  Labora- 
tory of  the  University  of  Illinois.  This  consists  of  channels  imbedded 
in  concrete.  These  channels,  which  are  placed  in  pairs  a  small  dis- 
tance apart,  run  both  lengthwise  and  crosswise  of  the  shop.  The 
advantage  of  this  form  of  construction  is  that  machinery  can  be 
placed  anywhere  on  the  shop  floor  and  cjuickly  bolted  into  place 
by  means  of  T-bolts,  a  detail  of  which  is  shown  in  the  figure. 
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SIMPLE  STRESS. 

I.  Stress.  WluMi  frirr<*s  ar*' aj»|»iitMl  to  a  ImkIv  tlu'V  tornl  in  a 
greater  ur  Irsn  decjrft*  U)  break  it.  I'rfvriitiiii^  <»r  tfiidini^  to  pre- 
vent tho  ruj)ture,  tlu-n*  arise,  generally,  forces  In'twivn  every  two 
adjacent  jwirts  of  the  \hh\\.  Thus,  when  a 
load  is  Bus{K*nd(Ml  by  intNinn  of  an  iron  hm], 
the  Tin\  is  puhjeet***!  to  a  downwanl  j.ull  at 
its  h»wer  end  aii<l  to  an  U|>\var<l  |»ull  at  its 
upjKT  end,  and  these  two  fon*es  tend  to  j.ull 
it  a|kart.  At  any  eross-seetion  of  th«*  nnl 
the  iron  on  either  sidt*  ''holds  fast''  to  that  on 
the  other,  and  these  fore«*s  whieh  tlie  j.arts 
of  the  hmI  exert  U|mhi  ea<*h  other  j»nvent 
tiie  tearin^^of  the  hmI.  Kor  exainplf,  in  V\iS. 
1,  let  tf  ri*[)resent  tht»  hmI  an<l  its  ^u^|M•nd^Mi 
hmd,  l,iMM)  jM)und>;  tln*n  tin*  ]»ull  on  tin* 
lower  end  equals  1jmm>  poniids.  If  \\««  ntt^^- 
ItH't  the  Weight  c»f  the  nnl,  th»*  pull  on  the 
up|N*r  end  is  al>o  Ijmm)  pounds,  jis  .-liown  in 
V\^.  1  <^'i;  and  tin'  up|Mr  part  A  f\iTt- 
on  the  hiwer  j»iirt  I^  an  upward  pull  <J  f.jual 
to  1,(MM>  pounds,  whih*  the  lowrr  |..ift  t\i*rts 
on  the  up|K«r  a  font*  I*  aUo  e.jual  to  1.<h»u  piiiiHJ-.  Tlif>e  two 
fonvs,  I*  and  <^>,  prrMMit  rupture  i»f  tlir  i***\  at  tfn*  ••-f<'tion"  (';  at 
any  otht*r  s<*<*tion  thne  aro  two  fon-i-^  hk«-  1*  and  ii  pn-venlin^ 
rupture  at  that  st-rtion. 

Wy  fth  >  .sH  tff  if  .S'-^i'-n  nf  a  1mh1\  i-  nn-aiit  tin*  forer  whieh  the 
part  of  thf  ImmIv  ofi  .itlMT  -i'i«*  •»f  tlf  m  ••t:.»ii  »  \«rt-  «»n  tht*  othtT. 
Thu-i,  th«»  .''tn-^  at  tin*  -'M-ti"!!  <  I  i^-.  1  •,  p  i.r  IJ  ,  and  it  <M|ualii 
IJMMI  jHiund". 

a.  StPf^^r^  an-  u-iialiN  ••\[ir»--«-d  :\  Ani«-ri«'a.  in  tHinnd;*, 
•onietiiues  in  tons.      Tlius   !)..•  -tr. -^  P  ir;    'Ijf  pni-t-^iin;^  article  in 
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2  STRENGTH  OF  MATERIALS 

1,000  pounds,  or  i  ton.     Notice  that  this  value  has  nothing  to  do 
with  the  size  of  the  cross-section  on  which  the  stress  acts. 

3.  Kinds  of  Stress,  (a)  When  the  forces  acting  on  a  body 
(as  a  rope  or  rod)  are  such  that  they  tend  to  tear  it,  the  stress  at 
any  cross -section  is  called  a  tension  or  a  tensile  stress.  The 
stresses  P  and  Q,  of  Fig.  1,  are  tensile  stresses.  Stretched  ropes, 
loaded  "tie  rods"  of  roofs  and  bridges,  etc.,  are  under  tensile  stress. 
(b.)     When  the  forces  acting  on  a  body  (as  a  short  post,  brick, 

etc.)  are  such  that  they  tend  to 
crush  it,  the  stress  at  any  sec- 
tion at  right  angles  to  the  di- 
rection of  the  crushing  forces  is 
called  a  pressure  or  a  compares - 
sive  stress.  Fig.  2  ((?)  repre- 
sents a  loaded  post,  and  Fig.  2 
(Z»)  the  upper  and  lower  parts. 
The  upper  part  presses  down  on 
B,  and  the  lower  part  presses  up 
on  A,  as  shown.  P  or  Q  is 
the  compressive  stress  in  the 
post  at  section  C.  Loaded  posts, 
or  struts,  piers,  etc.,  are  under 
compressive  stress. 

(c.)     When  the  forces  acting 
on  a  body  (as  a  rivet  in  a  bridge 


Fig.  2. 


joint)  are  such  that  they  tend  to  cut  or  "  shear  "  it  across,  the  stress 
at  a  section  along  which  there  is  a  tendency  to  cut  is  called  a  s/iarr 
or  a  shearing  strt'f<.s.  This  kind  of  stress  takes  its  name  from  the 
act  of  cutting  M'ith  a  pair  of  shears.  In  a  material  which  is  being 
cut  in  this  wav,  the  stresses  tliat  are  beintj  "overcome"  are  shear- 
ing  stresses.  Fig.  8  (^^)  represents  a  riveted  joint,  and  Fig.  3  (J) 
two  j)arts  of  the  rivet.  Tlie  furees  applied  to  the  joint  are  such 
that  A  tends  to  slide  to  the  left,  and  1]  to  thti  rii»"lit;  then  V)  exerts 
on  A  a  foree  P  toward  the  rioht,  and  A  on  ]>  a  foree  Q  toward  the 
left  as  shown.      P  or  (^  is  the  shearing  stress  in  the  rivet. 

Tensions,  Compressions  and  Shears  are  called  f>iinjph'  ,stn.sses, 
"Forces  may  act  upon  a  body  so  as  to  produce  a  combination  of  simple 
stresses  on  some  section;  such  a  combination  is  called  a  complex 
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strrsK   The  8tre08i*8  in  beams  are  usually  complex.   There  are  other 
terms  used  to  describe  stress;  they  will  be  defined  farther  on. 

4«  Unit-Stress.  It  is  often  necessary  to  specify  not  merely 
the  amount  of  the  entire  stress  which  acts  on  an  area,  but  also  the 
amount  which  acts  on  each  unitof  an.*a  (s(]uare  inch  for  example). 
ISy  unit-stri'ss  is  meant  stress  per  unit  an.*a. 

To  find  the  value  of  a  unit-stress:  Dlvile  the  irhoU  Mtrens  by 
the  u:hoJc  una  <*f  the  ifrction  oih  which  it  acts^or  over  which  it  is 
(lUtrihutal.     Tlius,  let 

P  denote  the  value  of  the  whole  stress, 

A  the  area  on  which  it  acts,  and 

8  the  value  of  the  unit-stress;  then 

S-^,alsoP   -AS.  (i) 

Strictly  thesi*  formulas  apply  only  when  the  stress  P  is  uniform, 


that  i<,  when  it  in  uiiiforiuly  distributtnl  ovit  the  ariMi,  each  square 
iiirti  for  rxaniplf  t^ustuinin^  the  nanie  uinmint  of  t^tn*>*(.  Whrii 
tin*  jitrrss  is  ni»t  iiiiifurin,  that  is,  wlu'n  the  hlre^i»(•H  on  dilTfn*nt 
^sipiarf  iiiclirs  are  nt»t  t'«jual,  tln-n  P  :  A  I'ijuals  the  uctnttjv  r*fhio 
cif  the  unit.stn>s. 

5.  Tnit  stresses  an»  u-iially  t\prt>.M'<l  ^^in  Americn)  in 
|Miuntls  imt  Sipiare  iiuh,  ^«»Im•tiIllt  i  in  tons  jmt  bijuan*  iin-h.  If 
P  and  A  in  r«juatiori  I  an*  r\|»rt>-t*<l  in  IhiuihIs  ami  h<iuan« 
ini-lii'S  ri*|H»i*ti\«l\ ,  tht-n  S  will  1m«  in  jM>un«ls  jht  h«juare  ii:fh;  antl 
if  P  and  A  ar^  t\[.n'.'«-«d  i:i  tMn-*  aiid  h-.jUari«  ii»olii>,  S  will  l»e  in 
ton-^  jH-r  Mjuaif  inrli. 

rx'.'.  j-^-  *.  1.  ^nj^[Ml-l•  ilijit  the  r«><l  ^u*•taini!J:/  tin*  l«ial  in 
I  i«'.  1  !•*  'I  Si|Uar«»  iri«hi  -  in  «To--^M»«'t;on,  aiid  tiiit  tin*  load  wiii'hs 
1.<MM»  jHiund".       ^Vlial  is  tin*  \alui'  «'f  \\iv  i;nitolrL->r  ' 
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Here  P  =  1,000  pounds,  A=  2  square  inches;  hence. 
S  =  -~ —  =  500  pounds  per  square  inch, 

2.  Suppose  that  the  rod  is  one-half  square  inch  in  cross-sec- 
tion.     "What  is  the  value  of  the  unit-stress  ? 

A  =  -^-square  inch,  and,  as  before,  P=  1,000  pounds;  hence 

S  =  1,000-5 — ^  =  2,000  pounds  per  square  inch. 

Notice  that  one  must  always  divide  the  whole  stress  by  the  area  to  get 
the  unit-stress,  whether  the  area  is  greater  or  less  than  one. 

6.  Deformation.  Whenever  forces  are  applied  to  a  body  it 
changes  in  size,  and  usually  in  shape  also.  This  change  of  size 
and  shape  is  called  deformation.  Deformations  are  usually  meas- 
ured in  inches;  thus,  if  a  rod  is  stretched  2  inches,  the  "elonga- 
tion"=  2  inches. 

7.  Unit-Deformation.  It  is  sometimes  necessary  to  specify 
not  merely  the  value  of  a  total  deformation  but  its  amount  f)er 
unit  length  of  the  deformed  body.  Deformation  per  unit  length 
of  the  deformed  body  is  called  unit-deformation. 

To  find  the  value  of  a  unit-deformation:  Divide  the  whole 
de formation  ly  the  Jenrjih  over  ichirh  it  is  distributed.     Thus,  if 

D  denotes  the  value  of  a  deformation, 
I    the  lencrtb, 
s    the  unit-deformation,  then 

s=-—,-j  also  D=/.s',  (2) 

Both  D  and  I  should  always  be  expressed  in  the  same  unit. 

Example.  Suppose  that  a  4-foot  rod  is  elongated  \  inch. 
What  is  the  value  of  the  unit-deformation? 

Here  D:=J  inch,  and  /=:4:  feet =48  inches; 
hence  cV:=J  :  48=^^^^  inch  per  inch. 
That  is,  each  incli  \s  elongated  -^^  inch. 

TJnit-elon^ations  are  sometimes  expressed  in  j)er  cent.  To 
express  ai\  elongation  in  per  cent:  ])ivulc  the  tUfu<jatloii  in  Inches 
Lij  the  orlgljial  lc}ujth  in  i/a-hi s^and  tnultlphj  hy  100. 

8.  Elasticity.  Most  solid  bodies  M'lien  deformed  will  regain 
more  or  less  completely  their  natural  size  and  shape  when  the  de« 
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forming  forces  ceane  to  act.     Tliis  property  of  regaining  siz**  and 
shape  is  called  elasticity. 

We  may  classify  ho<lies  into  kinds  dejR^nding  on  the  degree 
of  elasticity  which  they  have,  thus: 

1.  J*trft'ctly  t'hiHtic  bcxlies;  these  will  regain  their  orig- 
inal form  and  size  no  matter  how  large  the  appliiHl  fonvs  an»  if 
h*s8  than  breakintr  values.  Strictly  there  are  no  such  materials, 
hut  rubber,  practically,  is  pt*rfiH*tly  elastic. 

2.  /rnjftrfirfh/  thtstin  IxKlies;  these  will  fully  regain  their 
original  form  and  size  if  the  apjiliiKi  forces  are  not  too  large,  and 
practically  evm  if  the  loads  are  large  but  less  than  the  breaking 
value.     Most  of  the  constructive  materiuls  In^long  to  this  class. 

3.  //i<///x/;V' or  ^>A//*//^  biKlies;  these  will  not  regain  in  the 
least  their  original  form  when  theapplitMl  forces  cease  to  act.  C'lay 
and  |»utty  are  gcMKl  examples  of  this  class. 

9.  Hookc's  Law,  and  Elastic  Limit.  If  a  gradually  increas- 
ing  force  is  applitsl  to  a  jH*rft»ctIy  elastic  material,  tlie  deformation 
incn*ase8  j>rojM>rti<»naIly  to  the  force;  that  is,  if  P  and  1^  denote 
two  values  (»f  the  force  (or  stress),  and  I>  and  D'  the  values  of  the 
deformation  priKluced  by  the  force, 

then?:?'::  D:!)'. 

This  relation  is  also  true  f<»r  im|HTffetlv  i-Ia^tic  materials, 
provide<i  that  the  loads  Pand  P'  do  notexeetsl  acertiiin  limit  dej»en<i. 
ing  on  the  material.  lievc»iHl  this  limit,  tlu*  <lfformation  inert*as«'S 
much  fa.ster  than  the  load;  that  is,  if  within  the  limit  an  addition 
of  l,(HM)|MMinds  to  the  load  pnMiuers  a  htn'teh  of  O.Ol  inch,  U^yond 
the  limit  an  equal  addition  pr<Miu(*(*s  a  >t retch  Iar^t*r  and  usually 
much  larger  than  O.Ul  iiM-h. 

lV*y<»nd  this  limit  of  pro|M»rtionalilv  a  jwirt  of  the  deformation 
is  permanent ;  that  is,  if  the  load  is  removes!  ihc  ImxIvoiiIv  iiartially 
nvovrrs  its  form  an<l  >i/.e.  Tin*  jK*rmaiiciit  juirt  of  a  deformation 
is  calltMl  ttff, 

Tlie  fa<*t  tiial  for  iiio»-l  iiiateriaU  the  defurnialioii  is  pn»iMir- 
tional  to  the  huid  within  c<Ttaiii  liiiiil-,  i-»  kimwu  as  Ilo<>k**'s  IjiW. 
Tlie  unit-stress  within  wliieh  llo<ik«'-^  law  Im»M»*.  or  aUive  which 
the  deformation  \>  not  pro|H»rtioiiaI  to  the  h»ad  or  stress,  is  called 
elastir  I  if/tit. 
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10.  Ultimate  Streng^th.  By  ultimate  tensile,  compressive, 
or  shearing  strength  of  a  material  is  meant  the  greatest  tensile, 
compressive,  or  shearing  unit-stress  which  it  can  withstand. 

As  before  mentioned,  when  a  material  is  subjected  to  an  in- 
creasing load  the  deformation  increases  faster  than  the  load  beyond 
the  elastic  limit,  and  much  faster  near  the  stage  of  rupture.  Not 
only  do  tension  bars  and  compression  blocks  elongate  and  shorten 
respectively,  but  their  cross-sectional  areas  change  also;  tension 
bars  thin  down  and  compression  blocks  "swell  out'*  more  or  less. 
The  value  of  the  ultimate  strength  for  any  material  is  ascertained 
by  subjecting  a  specimen  to  a  gradually  increasing  tensile,  com- 
pressive, or  shearing  stress,  as  the  case  may  be,  until  rupture  oc- 
curs, and  measuring  the  greatest  load.  The  hreakiny  load  divided 
hy  the  area  of  the  07nginal  cross-section  sustaining  the  stress^  is  the 
value  of  the  ultiinate  strength, 

Kxamjyle.  Suppose  that  in  a  tension  test  of  a  wrought-iron 
rod  \  inch  in  diameter  the  greatest  load  was  12,540  j)ounds.  What 
is  the  value  of  the  ultimate  strength  of  that  grade  of  wrought  iron? 

The  original  area  of  the  cross-section  of  the  rod  was 
0.7854  (diameter)-=0.7854xi=0.1964  square  inches;  hence 
the  ultimate  strength  equals 

12,540 -J-0,1004^^G3,850  ])0unds  per  square  inch,  (nearly). 

11.  Stress- Deformation  Diagram.  A  ''test"  to  determine 
the  elastic  limit,  ultimate  strength,  and  other  information  in  re- 
gard to  a  material  is  conducted  by  apply in<i;  a  gradually  increasing 
load  until  the  specimen  is  broken,  and  noting  the  deformation  cor- 
responding to  many  values  of  the  load.  The  first  and  second  col- 
umns of  the  followinij  table  are  a  record  of  a  tension  test  on  a  steel 
rod  one  inch  in  diameter.  The  numbers  in  the  first  column  are 
the  values  of  the  ])ull,  or  the  loads,  at  which  the  elongation  of 
the  sjK'cinien  was  measured.  The  elono;ations  are  given  in  the  sec- 
ond column.  The  numbers  in  tlie  tliinl  and  fourth  columns  are 
the  values  of  the  unit-stress  and  unit-elongation  corresj)onding  to 
the  values  of  the  load  opposite  to  them.  The  numbers  in  the 
third  column  were  o])taint-(l  from  those  in  the  first  by  dividing 
the  latter  bv  the  area  of  the  cross -sect  ion  of  the  rod,  0.7854 
8(juare  inches.      Thus, 

3,930-v-0.7.S54- 5.000 
7,850-f-0.7854--10,000,  etc. 


310 


STRENGTH  OF  MATERIALS 


1 

Total  Pull 
,  in  pound*,  1* 

T>«»fonn«ti(>ti 

ITnit-StrrM  in 

|M>itnd«  |M*r 
miimr^  inch.  S 

rnit- 
I>rfonn«tioo. 

:mo 

0.00136 

Mt) 

0.00017 

7850 

jixmo 

lOOCli 

.(10035 

11780 

.00404 

mn) 

i)0050 

15710 

.(MX>38 

20U)0 

.00067 

19635 

.00672 

25000 

.00084 

23seo 

.(0805 

30X10 

,00101 

27490 

.00M2 

35iirx> 

iX)118 

31415 

.01080 

400tK) 

.00135 

35345 

X)1221 

45CXX) 

.00153 

38270 

.0144 

50000 

.00180 

43200 

Xitm 

55001) 

.0100 

47125 

.1622 

(XXXk) 

jo/xn 

510GO 

.201 

eratn) 

.0251 

54980 

.281 

700(»') 

XB51 

58910 

.384 

75000 

,(M8 

(12832 

.560 

HtOX) 

.070 

65200 

1.600 

8rxxx) 

M) 

Thi*  numbers  in  tlio  fourth  column  were  obtained  by  dividing 
th(Mk«  in  the  fkH^ind  by  the  length  of  the  BjKH.'inien  (or  rather  the 
U*n(;th  of  that  ]Mrt  M'hotn*  eh>n^tion  was  nu*asured),  8  inches. 
ThuH, 

o.ooi:i(; :  s  ^rz  o.oooit, 

.(MI-JsO  :  S  :  :    .00035,  etc. 

Ixjokin^  at  the  lirst  two  columns  it  will  W  gtHMi  that  the  elonga- 
tionti  art*  practically  pro|H>rtioiuil  to  the  IikkIh  up  to  the  ninth  load, 
the  increaw*  of  Ht retch  for  each  incrca.^ie  in  load  Ihmu^  alM>ut  0.(K)l.*jn 
inch;  but  \H*v<»n<l  the  ninth  Itwid  the  incrcH.^es  of  t»tn*tch  are  much 
^rt*atcr.  IIcn<*e  the  ela>tic  limit  wha  reat^lu^l  at  alwiut  the  ninth 
load,  and  its  value  is  alniut  4o,(KM)  |»oun<iH  |M*r  H<|uare  inch.  The 
jrreatest  load  was  (»r)/J(M)  jmhukIs,  and  the  corrcs|>onclin^  unit-stn'ss, 
btMHX)  |M)untls  jdT  sqnart*  in<'li,  is  the  ultimate  Htrcn^th. 

Nfarlv  »dl  tho  information  n^vraltnl  by  bu<*li  a  test  can  l>e 
Well  rf[»rf>«»iiti*d  in  a  «lia|^ram  callinl  n  ^f/f  -s.*/,  r)»r/n'rftnn  tinnjt^tin. 
It  is  mad«*  as  follows:  Ijiv  off  tin*  valnrs  of  the  unit  deformation 
(fourth  c<»]umii ;  alun^  a  hori/ontal  liiit%  ar<-i»nlin^  to  some  con- 
veuient  H*al«\  from  home  lixt^l  ]H»int  in  tin*  liii«*.  At  tlie|»oints  on 
the  horizontal  line  re[in»s«Mitin«^  tlu^  various  unit.tjorj^ations,  lav 
off  TK»rj»«'nilic*ular  di-tanc»H  tN|ua!  to  tin*  corn-'|MHMliri;5  unit  >tri*s**«'H. 
TlifU  connti't  bv  a  Mn«N»!h  cur\i»  tin*  U|»|Mr  niii-  of  all  tlio-i««  lii;.. 
tantvs,  last  diftancrs  laid  off,     Tnu**   for  iti.-tancf,  tht*  high«*?t  unit- 


ni 


8 


STRENGTH  OF  MATERIALS 


elongation  (0.20)  laid  off  from  o  (Fig.  4)  fixes  the  point  a^  and  a 
perpendicular  distance  to  represent  the  highest  unit-stress  (83,000) 
fixes  the  point  h.  All  the  points  so  laid  off  give  the  curve  och.  The 
part  o<*^  within  the  elastic  limit,  is  straight  end  nearly  vertical 
while  the  remainder  is  curved  and  more  or  less  horizontal,  especially 
toward  the  point  of  rupture  5.  Fig.  5  is  a  typical  stress-defor- 
mation diagram  for  timber,  cast  iron,  wrought  iron,  soft  and  hard 
steel,  in  tension  and  compression. 

13.  Working:  Stress  and  Strength,  and  Factor  of  Safety. 
The  greatest  unit-stress  in  any  part  of  a  structure  when  it  is  sus- 
taining its  loads  is  called  the 
worJiing  stress  of  that  part.  If 
it  is  under  tension,  compression 
and  shearing  stresses,  then  the 
corresponding  highest  unit- 
stresses  in  it  are  called  its  work- 
ing stress  in  tension,  in  com- 
pression, and  in  shear  respect- 
ively; that  is,  we  speak  of  as 
many  working  stresses  as  it  has 
kinds  of  stress. 


Fig.  4. 


By  wovMnxj  streiujtli  of  a  material  to  be  used  for  a  certain 
purpose  is  meant  the  highest  unit-stress  to  which  the  material 
ought  to  be  sub  jected  when  so  used.  Each  material  has  a  working 
strength  for  tension,  for  compression,  and  for  shear,  and  they  are  in 
treneral  different. 

l^yfifctor  of  safety  is  meant  the  ratio  of  the  ultimate  strength 
of  a  material  to  its  M^orkinij  stress  or  strentxth.     Thus,  if 
Su  denotes  ultimate  strength, 
S^  denotes  working  stress  or  strength,  and 
y*  denotes  factor  of  safety,  then 


/ 


s 


s 


^ ;  also  S,  =  — ". 

W 


s. 


(3) 


^Vhen  a  structure  which  lias  to  stand  certain  loads  is  about 
to  be  designed,  it  is  necessary  to  select  working  strengths  or  fac- 
tors of  safety*  for  the  materials  to  be  used.  Often  the  selection  is 
a  matter  of  great  imj)()rtjince,  and  can  be  wisely  performed  only 
by  an  experienced  encjineer.  for  this  is  a  matter  where  hard-and- 
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fast  rulra  i>liati]<)  m)t  ff<ivi-rii  tmt  rallwr  thi'  jiiilj^iipnt  of  llio  expert. 
But  lliere  an-  ivrtain  iiriiii-ijilt'H  in  !«■  iiwti  an  ^iiiiU-H  in  making  a 


Belfclion,  i-liicf  atii<iii[j  uliicli  arc: 

1.  Till!  workiiifi  titrcii;n!i  !.li<iiiW  W'  eonsidemhlj-  Ih'Iuw  tLe 
elsstiu  limit.  (Tln'ii  tli<-  defunuatinrir  will  li«  diiiull  aii<)  not  jht- 
tiiaiieiit.^ 


Btructiiri'  .-iiT-tuirii 
Kt.-n.iv.       ,  A.tuul 


M"' 


ti];ilt>r  fur  Jmrttt  of  a 
,r_ui,tr  l..:.,i-  il.^.i.  f..r  liin-  uhuM-  ],»vU  an. 

riui.i,!-    ll:l^.■    .|l-.-l„-,,i     ll.r     fii.-t    tUt    ill.- 

]r,-.,.l- 


Ml>'Ii(:()j   of  II  ~|.'.'iiii.'i,   .]r|»'ii.|-    ..n   ill.-   ki:..|   ..f    l..:..i     |,ut     1l|H.n    it. 

and  timt  ill  a  L-'ii'T^'l  w-ii    i'  i-  ''--  'I"'  I'—  -l';«'lv  ilir  l.«.l  i-.'l 

3.     Tli.-worki3,^'-lr-t,iji!i  inu-r  1- i;.ki-i,  !.,«  f,.r  i,.m  niiif..rni 
matcriat,   wIutc    jxHir  \\iirkinikii!-)ii{>    iiihv   U-  f\|>f4-tf«l,   wlien  th« 
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loads  are  uncertain,  etc.  Principles  1  and  2  have  been  reduced 
to  figures  or  formulas  for  many  particular  cases,  but  the  third  must 
remain  a  subject  for  display  of  judgment,  and  even  good  guessing 
in  many  cases. 

The  following  is  a  table  of  factors  of  safety*  which  will  be 
used  in  the  problems: 

Factors  of  Safety. 


Matorials. 

For  steady 

stress. 
(BuildinfTS.) 

For  varying 

stress. 
(Bridges.) 

For  shocks. 
(Machinos.) 

Timber 

Brick  and  stone 
Cast  iron 
Wrought  iron 
Stool 

8 
15 
6 
4 
5 

10 

25 

15 

6 

7 

15 
30 
20 
10 
15 

They  must  be  regarded  as  average  values  and  are  not  to  be 
adopted  in  every  case  in  practice. 

J^xamjyles.  1.  A  wrought-iron  rod  1  inch  in  diameter  sus- 
tains a  load  of  30,000  pounds.  What  is  its  working  stress?  If 
its  ultimate  strength  is  50^000  pounds  per  square  inch,  what  is 
its  factor  of  safety  ? 

The  area  of  the  cross-section  of  the  rod  equals  0.7854  X  (diam- 

eter)'*:"0.7854  X  1"=0.7854:  square  inches.     Since  the  whole  stress 

on  the  cross-section  is  30,000  pounds,  ecjuation  1   gives   for  the 

unit  w^orkinr^  stress 

30,000 
S  =  77-^1, >r-,  =^  )5S,197  pounds  per  scuiare  inch. 

0.  /S54:  ^  r  1 

Equation  3  gives  for  factor  of  safety 

50,000  _ 

2.  I  Tow  larg<»  a  steel  bar  or  rod  is  needed  to  sustain  a  steady 
T)ull  of  100,000  pounds  if  the  ultimate  strengtli  of  the  material  is 
(JojOOO  jkhuhIs  '{ 

Tlie  load  beinc  steady,  we  use  a  factor  of  safety  of  5  (see  table 
above);  lieiiee  tlie  working  strenirth  to  be  used  (see  equation  3)  is 

05,000  .     _ 

S       — ^ 13,000  pounds  iier  sciuare  inch. 

;>  ^  ^  ^ 

The  proper  area  of  the  eross-sect ion  of  tlie  rod   can   now   be  com- 
puted from  etjuation    1   tlius: 
♦Taken  from  Mcrriman's  ''>r(rhani<'s  of  Materials.' 
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.  --^am 

■■                  1 

^^^H  '>     '^K.-^^t^" 

3 

1 

^'» 

r^j 

b^             ^ 

^^„^ 

ijtf 

^3|Eyj 

Trr^ 
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STRKXCrni  OK  MATKKIALS  II 

P       KKKOCXI      ^  ^    ^ 
A  *    rr--     "i"*  i^uj"        *.<»*.>t:  Bquun*  inches. 

A  l>ar  2x4  itu'.Iu*s  in  cniss-s<H*ti<)ii  woiiKl    l>o    a    little  Btronger 

than  ntHVHtMirv.     To  iind  tho  ilianu^tcr  (//)  of  a  round  rod  of  sutti* 

vivut  BtrtMif^th,  we  write  0.7SJ)4  iP  -=  7.(**J2,  and  solve  the  cMjuation 

for<//  thus: 

7  0*>'^ 
</'  =  ;,  L'"  --  '.>.71>4,  or  </---n  liO  inchen. 

^).  How  lar^e  a  steady  load  can  a  short  tinilnT  {Mii^t  nafely  hub- 
tain  if  it  is  10  •  10  inehes  in  rro^s-itei'tion  and  its  ultimate  eoni. 
pressive  Ptn*n^th  is  lOJMK)  pcmnds  jmt  B<|uare  inrh  ? 

Aeconlinc^to  the  talile  (  jwi^e  1*2)  tin*  projKT  fiietor  "of  wifetv  IB 
R,and  henee  the  workinj^  strength  aeeonliiij;  Xo  eqimtion  '3  is 

S  X  1/J«*0  jK»unds  j>er  sijuan*  inch. 

Th"  area  of  the  cross-Bection  is  1<M>  square  inches;  hencv  the  nafe 
ItMid  iHtHMM|uati(>n  1 1  is 

V       UH)  .  l/JoO       rjr,,<MM»  jKmnds. 

1.  When  a  hole  is  puncheil  throui^h  a  jilate  the  shearing 
^tren^'th  of  the  material  has  t«>  Ih»  overennie.  If  th»'  ultimate  nhear- 
in;j  >tre!i;.'th  is  oO^lMM)  |ionnds  |ier  sipiare  inrh.  the thickne>s  of  the 
plate  \  ineh,  an*!  th«*  «iiametfr  of  tht*  hoh*  <*  inch,  what  is  the  value 
<»f  the  foret*  to  1h»  <»vm*ome  i 

The  an*a  shorn  is  tliat  of  the  cvlindri<*al  surface  of  the  hole 
i»r  the  m(*tal  |inncht*il  out ;  that  is 

:l.llltl  .  tllameter  •  thitkiit-^       :<.1I1»;X';>  J       1.178  B<|.in. 
IIi*nc«*,  liy  equation    1,    the   total   shfarintc  strruj/th   i»r  reBiHtance 
to  |iunchin^  is 

P        1.17s  XoiMMH^       ^»^,•.MK»  jwHjnds. 

STKENOTM  Ol-  MATi:KIAIi;  I'NDEK  SIMPLE  5TKE5S. 

l3.  Mate*iaU  in  Tension.  Prarticullv  thi*  t»ii1v  materiaU 
UBe*!  e\ten?i\«-ly  uiidi-r  ti-n.^'ioii  an*  tiinlH-r,  N\rt»Ui:ht  in»n  aod  hleel, 
and  to  home  extent  ca-^t  iron. 

I4«  Timber.  A  HUi'«*r>>fuI  ti-n^iitn  tr.^t  of  u<Niil  i^  ditlicult« 
MA  the  BptM*im«*n  usually  cru^hrs  at  tin*  etel.-*  wht-n  hrld  in  the  test- 
ing iiiai*hine,  Bplits,  or  faiU  otherwise  than  as  dehired.     llt^nct*  the 
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12  STRENGTH  OF  MATERIALS 

tensile  strengths  of  woods  are  not  well  known,  but  the  following 
may  be  taken  as  approximate  average  values  of  the  ultimate 
strengths  of  the  woods  named,  when  "dry  out  of  doors.'* 

Hemlock,  7,000  pounds  per  square  inch. 

White  pine,  8,000  "  " 

Yellow  pine,  long  leaf,  12,000 
"  "   ,  short  leaf,  10,000 

Douglas  spruce,  10,000 

White  oak,  12,000 

Red  oak,  9,000 

15.  Wrought  Iron.  The  process  of  the  manufacture  of 
wrought  iron  gives  it  a  *'grain,"  and  its  tensile  strengths  along  and 
across  the  grain  are  unequal,  the  latter  being  about  three-fourths 
of  the  former.  The  ultimate  tensile  strength  of  wrought  iron 
along  the  grain  varies  from  45,000  to  55,000  pounds  per  square 
inch.  Strength  along  the  grain  is  meant  when  not  otherwise 
stated. 

The  strength  depends  on  the  size  of  the  piece,  it  being  greater 
for  small  than  for  large  rods  or  bars,  and  also  for  thin  than  for 
thick  plates.  The  elastic  limit  varies  from  25,000  to  40,000 
pounds  per  square  inch,  depending  on  the  size  of  the  bar  or  plate 
even  more  than  the  ultimate  strength.  Wrought  iron  is  very 
ductile,  a  specimen  tested  in  tension  to  destruction  elongating  from 
5  to  25  per  cent  of  its  length. 

16.  Steel.  Steel  Las  more  or  less  of  a  grain  but  is  practically 
^f  the  same  strength  in  all  directions.  To  suit  different  purposes, 
steel  is  made  of  various  grades,  chief  among  which  may  be  men- 
tioned rivet  steel,  sheet  steel  (for  boilers),  medium  steel  (for 
bridges  and  buildings),  rail  steel,  tool  and  spring  steel.  In  general, 
these  grades  of  steel  are  hard  and  strong  in  the  order  named,  the 
ultimate  tensile  strength  ranging  from  about  50,000  to  160,000 
j)0unds  j)er  s(juare  inch. 

There  are  several  grades  of  structural  steel,  which  may  be 
described  as  follows:* 

1.     Itivet  steel: 

Ultimate  tensile  strenjxth,  48,000  to  58,(X)0  pounds  per  square  inch. 
Elastic  limit,  not  less  than  one-half  the  ultimate  strength. 
Elongation,  20  per  eent. 


liends  180  degrees  fiat  on  itself  without  fracture. 


♦Taken  from  "  Manufacturer's  Standard  Specifications." 
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2.     SoitsUfl: 

Ultimato  tenrtil««  htn*n^th,  rvi^iik)  to  (»2,(Mi)  |m>uii«N  |M*r  ^4|ua^o  inch. 
Klastic  limit,  not  loss  than  i»n«>  hnlf'thi*  ultimntf*  .^tn^n^fth. 
Klon^rntion,  *St  jht  ront. 
l!entLi  ISO  di*(?nHv(  flat  on  it.trlf. 

'A.     MtHliuin  Bt«^*I: 

Ultiinato  ti'n^Ie  xtroni^th,  (V),OiR)  to  Tn.oii)  {HMinilH  |ii*r  M|uarp  in<*h. 
KlA>ti(*  limit,  not  h'ss  than  ono  half  th«*  ultimat«*  htn*n^th. 
Klori((ation,  22  ]ht  rwnt. 

liomls  IH)  dof^rt'i's  to  a  «linmt<tt'r  i*i|ii/il  to  thi*  thickm^s^  of  the 
h])ivimon  \iith«)Ut  fraoturo. 

17.  Cast  Iron.  As  in  tlu*  cas«»  of  hU^A^  tluTt*  are  inany 
^rH<i(*rt  i>f  i*a^t  in»n.  Tlu*  ^nul(*s  aro  not  tlu*  kiiiio  for  all  Ifx^alities 
or  dlstrii'ts,  but  tlu'y  aro  liaM**!  on  tlu»  ap{M*aranro  of  tin*  fnirtnrt*8, 
which  varv  from  coarse  dark  trrcv  to  fino  nil  wry  ^vllitt^ 

Tho  ultimate  tt'iisiK*  Htn*n«5th  «1<h\s  nc»t  varv  uniformlv  with 
tlie  ^nidrrt  hut  ih*|M'n<l!4  for  the  most  part  <»n  thi*  T>envntap*  of 
••oomhiin*«l  carUm*' jin^sent  in  th«»  iron.  This*  ntren^jth  varii»s  fn>m 
ITi/MK)  to  •{.■i,(MM)  ]M>untls  jwT  S(|nan«  inrli,  'JO,<MM>  Umu^  ft  fair 
avfratje. 

Cast  iron  lias  no  wtilj-dftiin'^l  elastit*  limit  »Sf<»  cMirvo  for  rast 
intn*  Fi^.  Tn.      Its  ultimate  eloni^ati(»n  \a  alH>ut  one  iht  e<*nt. 

HXAMPLBS  FOR  PRACTICH. 

1.  A  hti*<'I  win*  is  out*  «'ii^hth  iiidi  in  diairieter,  and  tlie  ulti. 
mati*  tensil«*streneth  of  tin*  material  is  ir>(),(NH)  iKiundrt  |ier  Htjuare 
ineh.      Hnw  laru:i*  i^  its  hreakinj^  ]i>a«l  f  Ans.      1>45  |Kiundtf. 

i!.  A  wnmjj^ht-iron  pnI  ^ultimate  t«*n>ile  streiii^tli  olMMMI 
|KiundH  {M*r  H(|nart*  inch  t  is  *J  inelii'S  in  diameter.  How  hiri^e  a 
riteady  pull  ean  it  Kif«'ly  In'ur  f  Ans.     i{*«/JTO  {Hiund*>. 

lA.  Materials  in  Compression.  Fnlike  the  t<Mi--iI«\  the 
eomprr**sive  streiij^'th  of  a  h|H»<*imen  i»r  stru«'tunil  juirt  d<'[ien<U  on 
its  dimen^inii  in  tht*  dirtH'tiitn  in  whieh  th«*  lti;iil  i<  applie«l,  fnr, 
in  eompn>>ii»n,  a  hMii;  har  or  hmI  is  wcaki-r  than  a  >h«irt  one.  At 
pr^'M-nt  ut*  rt'ffr  «»!»ly  to  tlie  rlren^th  of  *.liort  pif<*fj  >\ir\i  as  do 
not  Ih'IhI  un<l«-r  tli**  loail,  tii<*  lonj/rr  oucn  •  mlumii'*  i  U'in^  dis* 
iMissf»l  farthiT  on. 

l>itTi*ri*iit  materials  hri*ak  or  fail  undt-r  enmpression,  in  two 
vrry  dilTrrrht  w:i\-: 

1.      I>ui*tile  materials  ( Htrtietural  Ht«*<*K   wrought    iron,  etc.), 
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14  STRENGTH  OF  MATERIALS 

and  wood  compressed  across  the  grain,  do  not  fail  by  breaking  into 
two  distinct  parts  as  in  tension,  but  the  former  bulge  out  and 
flatten  under  great  loads,  while  wood  splits  and  mashes  down. 
There  is  no  particular  point  or  instant  of  failure  under  increasing 
loads,  and  such  materials  have  no  definite  ultimate  strength  in 
compression. 

2.  Brittle  materials  (brick,  stone,  hard  steel,  cast  iron,  etc.), 
and  wood  compressed  along  the  grain,  do  not  mash  gradually,  but 
fail  suddenly  and  have  a  definite  ultimate  strength  in  compression. 
Although  the  surfaces  of  fracture  are  always  much  inclined  to  the 
direction  in  which  the  load  is  applied  (about  45  degrees),  the  ulti- 
mate strength  is  computed  by  dividing  the  total  breaking  load  by 
the  cross-sectional  area  of  the  specimen. 

The  principal  materials  used  under  compression  in  structural 
work  are  timber,  wrought  iron,  steel,  cast  iron,  brick  and  stone. 

19*  Timber.  As  before  noted,  timber  has  no  definite  ulti- 
mate compressive  strength  across  the  grain.  The  U.  S.  Forestry 
Division  has  adopted  certain  amounts  of  compressive  deformution 
as  marking  stages  of  failure.  Three  per  cent  compression  is 
regarded  as  "a  working  limit  allowable,"  and  fifteen  per  cent  as 
"an  extreme  limit,  or  as  failure."  The  following  (except  the  first) 
are  values  for  compressive  strength  from  the  Forestry  Division 
Reports,  all  in  pounds  per  square  inch: 

Ultimato  strength         ^H  Compression 
alouf?  the  ^rain.  across  the  grain 

Hemlock 6,000 

White  pine 5,400  700 

Long-leaf  yellow  pine 8,000  1,260 

Short-leaf  yellow  pine 6,500  1,050 

Douglas  spruce 5,700  800 

White  oak 8,500  2,200 

Red  oak 7,200  2,300 

20.  Wrought  Iron.  The  elastic  limit  of  wrought  iron,  as  be- 
fore noted,  depends  very  much  upon  tlie  size  of  tlie  bars  or  plate,  it 
being  greater  for  small  bars  and  thin  j)lates.  Its  value  for  com- 
T)re8sion  is  practically  the  same  as  for  tension,  25,000  to  40,000 
pounds  j)er  square  inch. 

21.  Steel.  The  hard  steels  have  the  highest  compressive 
strength;  there  is  a  recorded  value  of  nearly  400,000  pounds  x)er 
square  inch,  but  150,000  is  probably  a  fair  average. 
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Tlio  oliii^tic  limit  in  coiiipn^ssioii  id  pnictically  the  same  as  in 
t^iii^ioii,  wliirli  id  alNttit  4»0  |HTornt  of  theiiltiiiiuto  t«*nsile  strength, 
(»r,  for  struotuntl  tittfl,  aljout  0.'),(XK)  to  42,<MH)  |KiunJs  per  square 

iiii*h. 

33.  Cast  Iron.      Tliis  is  a  very  strong  niatiTiuI  in  conipree- 

sion,  in  which  way,  princi|ui1Iy,  it  is  usihI  structurally.  Its  ulti- 
mate i^triMigth  de]MMi«Is  lunch  on  the  pro|)ortion  of  *vombiniKl  car- 
bon" and  silicon  prest-nt,  anil  varies  from  50,000  to  200,000 pounds 
juT  t*ijuan^  inch,  1>0,0<M)  Inking  a  fair  avenigt*.  As  in  tt^nsion, 
then*  id  no  well-detiniHl  elastic  limit  in  compression  (si*o  curve  for 
cast  iron,  Fig.  St. 

a3.  Brick.  T\\o  ultimate  ntrengtlis  are  as  various  as  the 
kinds  and  makes  of  brick.  F'or  8oft  brick,  the  ultinmto  strength 
id  as  h»w  as  o<H)  ]H»undd  {mt  ntjuare  inch,  and  for  pressi*d  brick  it 
varies  from  4,0<M)  to  20,000  jMninds  j»er  Hijuaro  inch,  8,0<Ml  to 
10,0(M)  Ih-ing  a  fair  average.  The  ultimate  strength  of  giMwl  juiv- 
ing  brick  is  htill  higher,  its  avenige  value  InMng  from  12,000  to 
iri,0<M)  jH»unds  jK»r  Hpiare  inch. 

34.  Stone.  Santlstone,  limestono  antl  granite  are  the 
princijial  building  htones.  Tlicir  ultimate  htnMigths  in  ]K)unds 
]M*r  stpiaro  inch  are  alH>ut  as  folhiws: 

Kaml/ilonr,*  r>,<00  to  l^V"'*!  «^«*r»u«»    K***X 
Liimstom./H.iui  ••  li'i,Ui>,        •*       lo,iiii\ 
Urnni!.'.       1  !.<■■)"  l!l.»ii\        "        U\iXt}, 
*Com|»it^M«ion  at  ri^lit  anK'l<*»*  to  th«»  ''UhI**  of  thtt  ^tun<». 

HXAMPLHS  I'OR  PRACTICi:. 

1.  A  limestone  12x13  inches  on  its  l>eil  is  us«««l  as  a  pier 
cap,  and  U'ard  a  load  of  12<V><N)  ]M»nn<ls.  What  id  its  factor  of 
Wif«-lv  ^  Ans.      12. 

2.  How  large  a  |Hi>t  1  hhort  i  in  ne«*<h'«l  to  sustain  a  t-teadv 
loa«l  of  I<M»,0<M)  ]H>nn«ls  if  the  ullimalt*  ci»nipressive  htn*ngth  of 
the  MiMid  is  InjMM)  pounds  jn-r  Mpiare  ih«'h  i       An^.  S  X  10  inches. 

35.  Materials  in  Shear.  Tlieprinci|»:d  materials  usc<l  und«*r 
phearing  htrr.-is  aru  timlnT,  wn»nght  imn,  8teel  an<l  eaf*t  inm. 
I^artly  on  a«'C(Mint  of  the  tlitHcnlty  of  determitiing  hhiitrin^j 
Mtreni:ths,  thene  are  Hot  uell  known. 

36.  Timber.  The  nitimatt*  ^hearillg  htn-ngths  of  the  mom 
iui{K>rtunt  WfKids  •//"/ly  //««•  tjniin  are  alniut  21s  follows: 
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16  STRENGTH  OF  MATERIALS 

Hemlock,  300  pounds  per  square  incK 

White  pine,  400  "  " 

Long-leaf  yellow  pine,     850  "  " 

Short-leaf      "  «        775  **  " 

Douglas  spruce,  500  **  *• 

White  oak,  1,000  ••  " 

Red  oak,  1,100  "  " 

Wood  rarely  fails  by  shearing  across  the  grain.     Its  ultimate 
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Fig.  6  a.  Fig.  6  b. 

shearing  strength  in  that  direction  is  probably  four  or  five  times 
the  values  above  given. 

37.  Metals.  The  ultimate  shearing  strength  of  wrought 
iron,  steel,  and  cast  iron  is  about  80  per  cent  of  their  respective 
ultimate  tensile  strengths. 

EXAMPLES  FOR  PRACTICE. 

1.  How  large  a  pressure  P  (Fig.  6  a)  exerted  on  the  shaded 
area  can  the  timber  stand  before  it  will  shear  off  on  the  surface 
abcdy  it  ab  =  6  inches  and  he  =  10  inches,  and  the  ultimate  shear- 
ing strength  of  the  timber  is  400  pounds  per  square  inch  ? 

Ans.     24,000  pounds. 

2.  When  a  bolt  is  under  tension,  there  is  a  tendency  to  tear 
the  bolt  and  to  *'strip"  or  shear  oft  the  head.  The  shorn  area 
would  be  the  surface  of  the  cylindrical  hole  left  in  the  head. 
Compute  the  tensile  and  shearing  unit-stresses  when  P  (Fig.  G  fA 
equals  30,000  pounds,  ^7  =  2  inches,  and  t  =  ii  inches. 

(  Tensile  unit-stress,  9,550  pounds  jx^r  square  inch. 
'  (  Shearing  unit-stress,  1,591  jx)unds  per  square  inch. 

REACTIONS  OF  SUPPORTS. 

28.  Moment  of  a  Force.  By  moment  of  a  force  with  re- 
spect  to  a  point  is  meant  its  tendency  to  produce  rotation  about 
that  point.  Evidently  the  tendency  depends  on  the  marrnitude  of 
the  force  and  on  the  perj)endicular  distance  of  the  line  of  action 
of  the  force  from  the  point  :  the  greater  the  force  and  the  per- 
pendicular distance,  the  greater  the  tendency;  hence  t/te  moment 
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of  a  force  with  re^pt^rt  to  a  jxiiut  equah  f/ti^  j>rofIurf  of  tfw  force 
ami  tlw  jh  rprndlrular  ilintiiurf'  front  th*' force  to  th*jnnut. 

The  |H)int  with  rfSjHVt  to  whirh  th(Mii<»iiu*nt  of  oiu*orinoro 
forct»9  id  taken  is  oalltMl  an  i^rioln  or  rtnttr  uf  in*nin  ittM^  arul  tho 
{)er|M*ndicular  distaiuv  from  an  origin  of  nioiniMtts  to  tlio  lint*  of 
acti(}n  of  a  fon»e  18  calltnl  tlu»  ortn  of  tho  force  with  rej*|H'et  to 
that  origin.  Thus,  if  F,  aiul  \\  (^'^?•  ^)  "re  ft>n*es,  their  arms 
with  n»t»jHH'*^  to  O'  are  */,'  and  o !  resj>tM!tivelv,  ami  their  moments 
ari«  F,'/',  and  F/f'^.  With  resjKvt  to  O"  their  arms  are  //,"  and  *//' 
ivsjRHTtivelw  ami  their  momei»ti*  an»  F,r/,"  ami  F//.". 

If  the  fon*e  is  expresseil  in  |M)umls  and  itn  arm  in  fe<*t,  the 
moment  is  in  f<K>t)»oiinds;  if  the  fitree  is  in  ]H)unds  an<l  the  arm 
in  inches,  the  momertt  is  in  ineh-|H>nnds. 

39.  A  ttifjn  is  ^iven  to  the  moment  of  a  fon'e  for  conven- 
ience; the  rule  useil  herein  is  as  follows:  Th*  Vionuitt  of  a 
forrt  iihnut  a  pnlut  In  puslilr*'  or  iittjtttlrf  iicmnlJiof  om  It  tt  mln 
to  turn  tht  }Mnhf  oh^mt  tlott  jtn'mt  In  th*  rlorkir'iM  or  roNn(<r» 
rlitrl'trtMC  il'ir*  *'tnni^ , 
Thus  the  moment  <  l'it^^  7) 

of  F,  alM>ut  <  >'  is  nepitivt*.  jilMiut  <  >"  iM»sitive; 

,  alK)nt  <  y  neifiitive. 
In   p'nenil,    a   >inj^le    fonv  of 
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30.     Principle  of  Moments. 

pro{M*r   magnitude  an«l  line  of  ac 
tion  can   halance  any  nnmUT  of 
forces.     That  sin^lr  force  is  calh^l 
the  ftfuiUhnitif  of  tlie  forces,  and 
thepinj^le  force  that  would  lialance 
thee<|uiliiirant  i^  culle<l  tin*  rtsulf. 
fUtt  of  the  foTi'i's.      <  >r,  otiiiTW  i>«* 
r*tatt*«l,  tlu*  n*>nltant  of  any  num 
lw*r  of  forc»\H  is  a  force  wiiich  i»ri» 
duces  tlif  saiiu*  »*tTci*t.      It  can  Ih* 

IiroV«Hl     that  III*      itltlf  hi'ittr  ,HH  tn 

**t  t'**  iif'iiit  htit  I'f  tin  if  nu}n'»,r 
*tf ftri't  ft  irifh  rt  **!»' '(  t>>  *t  jffunf^ 
iiniiiln   tJit    imnit*  ut    f»f  th**r    rr  • 

Huft'lhf  ilh^ntt   th*it    l*"int, 

^Hj  rl4M'kwi>««*  ilipH'tion  in  mnant  that  m  whi<*h  th«*  han^U  nf   a  clock 
rotat4>;  and  hy  countrr  «*l<M*kwiiH«.  tho  u|>pubiU*  dixoctiun. 
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This  is  a  useful  principle  and  is  called  ''principle  of  moments.** 
31.    All  the  forces  acting  upon  a  body  which  is  at  rest  are 

m 

said  to  be  balanced  or  in  equilibrium.  No  force  is  required  to 
balance  such  forces  and  hence  their  equilibrant  and  resultant  are 
zero. 

Since  their  resultant  is  zero,  the  algebraic  sum  of  the  mom* 
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entB  of  any  number  of  forces  which  are  balanced  or  in  equilib- 
rium,  equals  zero. 

This  is  known  as  the  principle  of  moments  for  forces  in 
equilibrium;  for  brevity  we  shall  call  it  also  "the  principle  of 
moments.'* 

The  principle  is  easily  verified  in  a  simple  case.  Thus,  let 
AB  (Fig.  8)  be  a  beam  resting  on  supports  at  C  and  F.  It  is 
evident  from  the  symmetry  of  the  loading  that  each  reaction 
equals  one-half  of  the  whole  load,  that  is,  J  of  6,000=3,000 
pounds.     (We  neglect  the  weight  of  the  beam  for  simplicity.) 

With  respect  to  C,  for  example,  the  moments  of  the  forces 
are,  taking  them  in  order  from  the  left: 

—1,000  X    4  =  —  4,000  foot-pounds 

3,000  X    0=  0 

2,000  X   2=       4,000 

2,000  X  14  =      28,000 
—3,000X16  =  — 48,000 

1,000  X  20  =      20,000 

The  algebraic  sum  of  these  moments  is  seen  to  equal  zero. 
Again,  with  respect  to  B  the  moments  are: 

— 1,000  X  24  =  —  24,000  foot-pounds 

3,000  X  20  =  60,000 
—2,000  X  18  =  —36,000 
—  2,000  X    6  =  —  12,000 

3,000  X    4=      12,000 

1,000  X    0=  0         " 

The  sum  of  these  moments  also  equals  zero.     In   fact,  no  matter 
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whon^  tho  center  of  iiionu*iits  ia  takiMi,  it  will  In*  fouml  in  thiri  and 
any  other  baluiiciHi  Hvstoni  of  f(»rci*s  that  th«»  »ltri*hraic  sum  of  thrir 
nionH*iitB  iM|uaIs  /.vro.  The  rhiff  list*  that  wr  nhall  iiiako  of  this 
principle  is  in  tindin^  tht*  siip|M»rtiiit^  fttrrcs  of  hiath*d  U^aiiiri. 

33.  Kinds  of  Beams.  A  tuntfi/trtr  httim  in  i»ii«*  rt*ntin^  on 
one  8n{){K>rt  or  Hxtnl  at  oik*  rnd,  as  in  a  wall,  tlu*  (»tliiT  end  lH*in)X 
Irw, 

A  Hunjfle  htttiit  in  om*  ri*?tin;;  on  two  RnpjKirts. 

A  rt«fni!/tt«f  htttut  is  out*  lixtMl  at  ImiiIi  ends;  a  lH*aiu  lixi*<l  at 
onr  riid  and  rt*stiii^  on  a  su|»|>ort  at  tho  (»th«T  is  naid  to  Ih*  n*- 
8traine4l  at  the  li\t*<l  ciitl  and  HiMiplv  Hiipportcd  at  tin*  (ithcr. 

A  i'ii/tftntiitnM  fttitf/i  is  one  ri'Stint^  on  inoivthan  lu«»  ^ll|l|»orts. 

J3.  Determination  of  Reactions  on  Beams.  Tin*  forces  which 
the  BU|>|K)rt8  exert  <»n  a  lH*ain,  that  is,  the  *'su|ijK»rtin«x  forei*s,"an» 
calletl  rtfh'f!t»/tM,  AVe  hhall  tleal  chielly  with  sininle  lH*ains.  The 
ri'aetion  on  a  cantilever  U^aiii  sii|»|K»rti*4l  at  one  iMunt  evidently 
etpials  the  total  l(»:id  on  the  lN*ain. 

When   the  lojids  on  a  horizontal    lH*ani  are  all   vertical  ^and 

looolbs.                                    tooolbs.         jooolbs. 
i'— 4i 5* i a' JIf 2*--   i< 
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In:-  i«. 

this  lA  the  usual  case),  the  >iip|iortini^  forces  are  also  vertit^al  and 
t/tt  Mttfti  ttt  the  /•fr''ft"fiSt,jff*//sf/tt*suf/t  *»f  (It*  l***tt/M,     This  prill 
ciple  is  soiii«>tinies  useful  in  tlrterininini;  reactions,  hut  in  the  cade 
of  ^inlplt*  )N<anis  th«*  principh*  of  ni<»ni«-iitr«  i^  sutlicicnt.     The  ^er.- 
end  nieth«Hl  (»f  dfterinininir  rea(*tions  i>  as  follows: 

1.  AVritt*  out  two  (Mjuations  of  inoiiiciits  for  all  tht*  fon*«**< 
I  hutds  antl  reactions  i  actini^oii  the  In^ain  with  ori^Mii-*  t>f  inoiiicntr* 
at  the  Mip|iort(). 

2.  Solve  the  enuatioii-i  for  tin*  n*aclion-. 

.'(  Asa  check,  try  if  the  sum  t»f  the  reactions  <*«|uais  the 
sum  of  the  lo:ids. 

I\  I'ttnj'l*  t,  1.  Kiif.  '.I  repH'sents  a  iN^iiu  >up|N»rt«il  at  its 
endift  an<i  ^u^tainill^  thnn*  Kwids.  We  wi-h  to  tind  the  reaction* 
due  to  thebe  Uuids. 
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Let  the  reactions  be  denoted  by  K^  and  K,  as  shown;  then 
the  moment  equations  are: 
For  origin  at  A, 

1,000  X 1  +  2,000  X  6  +  3,000  X  8— R,  X 10  =  0. 
For  origin  at  E, 
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R,  X  10—1,000  X  9—2,000  X  4—3,000  X  2  =  0. 
The  first  equation  reduces  to 

10  R,  =  1,000+12,000+24,000  =  37,000;  or 
R^=  3,700  pounds. 
The  second  equation  reduces  to 

10  R,=  9,000+8,000+6,000  =  23,000;  or 
Rj=  2,300  pounds. 
The  sum  of  the  loads  is  6,000  pounds  and  the  sum  of  thereactionB 
is  the  same;  hence  the  computation  is  correct. 

2.  Fig.  10  represents  a  beam  supported  at  B  and  D  (that  is, 
it  has  overhanging  ends)  and  sustaining  three  loads  as  shown.  "We 
wish  to  determine  the  reactions  due  to  the  loads. 

Let  Rj  and  R^  denote  the  reactions  as  shown ;  then  the  moment 
equations  are: 
For  origin  at  B, 

-2,100x:2  +  0+3,600x6— R,Xl4  +  l,G00xl8  -- 0. 
For  origin  at  D, 

-  2,100xl(5  +  R,xU— 8,(>00x8  +  0  +  l,()00x4=:0. 
The  first  equation  reduces  to 

14  K,=- -4,200  + :>1,0(K)  i  28,.S()()  ^  4H,200;  or 
R,  --  ;^,;^()0  pounds. 
The  second  e(juation  reduces  to 

14  R,-^  ;33,GO()-f- 28,800 -r),4:00  :-  r>t),000;  or 
R,--.  4,000  pounds. 
The  sum  of  the  loads  ecjuals  7,300  pounds  and  the  sum  ot  the 
reactions  is  the  same;  hence  the  conij)Utation  checks. 

3.  What  are  the  total  reactions  in  example  1  if  the  beam 
weighs  400  pounds  ? 
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(1.)  Since  we  aln^ady  know  the  rea^'tiona  due  to  the  loads 
(2,3(M)  and  3,7<H)  jMUinds  at  the  left  and  rij^ht  end»«  re»;jKMr lively 
I  8t*e  illuHtratitm  1  aUtveu  we  iuhhI  only  to  coiiiniite  tlie  ri^actions 
due  to  the  weight  of  tht*  U^aiii  and  add.  Kvidently  tht*  r>5aotioD8 
due  to  the  wei(;ht  e<pial  2(N)  |H»undri  (*neh;  henee  the 

left  reaction        2,:J<M)  :  lMH)     2,r)<M>  {xmnds,  and  the 
ri^dit     '•        =:.VlX)i2(M)     VMH)       " 

(2.)  Or,  We  nii^ht  e(»in[»ute  the  reiietiontt  due  to  the  loads 
and  Weight  f»f  the  U-ain  to(^<>ther  and  dinvtly.  In  figuring  the 
moment  due  to  the  weight  (»f  the  iN'ain,  we  iinatxine  the  weight 
as  concent  rat e<l  at  the  niiddh*  of  the  l»eain;  then  its  nionienttt  with 
resjiect  to  the  K*ft  and  riglit  8U|»[»ortsan»  (400  •  i> )  antl — (^4(H)x5) 
reflpi*otive]y.  The  moment  e({uati<inrt  for  oritrind  at  A  and  K  are 
like  tli(»se  (»f  illustratiim  1  exee[)t  that  they  contain  one  more 
term,  the  moment  due  to  tht*  weight;  thus  tliey  ari*  n*d{>ectiveiy: 

IJHMI  .  1-i  •J,(MMr-  f»  i  WJHH)..  s_K  >  lO-i  4(H)  •  5      0, 

II,-  10— l,0<><)vii_2,(HK)v  1_;mhk)  .  2— 4(H)x5-  0. 
llie  tlnjt  one  reduce*  tt) 

10  K.      :UMMHK  or  K  =  V^m)  jKUinds; 

ftnd  the  ci«H*ond  to 

10  K,      -J.^OiM),  or  K,      -J^ntMl  |H>unds. 

4.  What  are  tht*  total  rt*actions  in  exumph*  *J  if  the  b(«m 
weiglis  42  |»<»unds  |>er  ftnil  { 

As  in  exam|i](*  .'t,  \\t*  mi<jht  mm  putt*  tin*  n*a«*tionri  due  to  tlie 
weight  an«l  ihtii  a^ld  th«  lu  ti»  thi*  ci»rre-|MMHling  r^aetions  dui-  to 
tl»e  h>a<ls  t  alrcaily  foniHl  in  «-\:inij»le  *J»,hnl  we  hhall  ih*termin«* 
the  t(»tal  r<*aeti(>ri-*  due  to  hi.id  and  weight  dirf^'tlv. 

The  iH-am  U-ing  2<»  ftet  long,  its  weiglit  is  42x 20,  or  840 
|HiuniN.  Sin«r  tlie  nnil«lle  of  the  In-am  i-  n  feet  fn»m  the  left  and 
t'f  feel  fri»m  the  ri^ht  >up|Hirt,  the  innnient^  of  the  weight  with 
to  the  left  and  ri^ht  >up|>ort«i  are  re-|MTtivel\ : 

slO  .  s       ♦».7\!o,  and      ^h»  •  »J  ."•.«»1h  f.N.t-pounds. 

Tlie  moment  isjuatioiiK  fur  ail  tie*  f.in*i  -  applitd  t**  the  In-Hm 
for  oritj^ins  at  IS  and  1>  art*  Iiki«  tlio-i-  in  t  \:inipl<*  'J,  with  an  addi- 
tional t«Tm,  the  mom«';»t  of  thi-  wi-iilit;   tlnv  an*  rr^in-^'tivt-U  : 

^'  •  I  • 

— 2.KKJ  ^  It;  .  K^,.  M-  ;;,»;iHi .  '^  r  <»  ♦  i,f;(M»>  4—0,040  -    0. 
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The  first  equation  reduces  to 

14  R,=52,920,  or  R,=3,780  pounds, 
and  the  second  to 

14  R  =  61,040,  or  R,=  4,360  pounds. 

The  sum  of   the  loads  and  weight  of    beam  is    8,140  pounds; 

and  since  the  sum  of  the  reactions  is  the  same,  the  coniputation 

checks. 

EXAMPLES  FOR  PRACTICE. 

1.     AB  (Fig.  11)  represents  a  simple  beam  supported  at  its 

ends.     Compute  the  reactions,  neglecting  the  weight  of  the  beam. 

.        (  Right  reaction  =  1,443.75  pounds. 
*  I  Left  reaction     =  1,556.25  pounds. 
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Fig.  11. 

2.  Solve  example  1  taking  into  account  the  weight  of  the 

beam,  which  suppose  to  be  400  pounds. 

.         (  Right  reaction  =  1,643.75  pounds. 
*  (  Left  reaction     =  1,756.25  pounds. 

3.  Fig.  12  represents  a  simple  beam  weighing  800  pounds 

supported  at  A  and  B,   and    sustaining  three  loads    as    shown. 

What  are  the  reactions  ? 

A        j  Right  reaction  =  2,014.28  pounds. 
I  Left  reaction     =  4,785.72  j)ounds. 
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4.  Suppose  that  in  example  3  the  beam  also  sustains  a  uni- 
formly distributed  load  (as  a  floor)  over  its  entire  length,  of  500 
pounds  j)er  foot.  Compute  the  reactions  due  to  all  the  loads  and 
the  weight  of  the  beam. 

*        (  Right  reaction  =    4,871.43  pounds. 
*  I  Left  reaction     =  11,928.57  pounds. 
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EXTERNAL  SHEAR  AND  BENDING  MOMENT. 

On  aliiiortt  «*vi*ry  cross. s<*<*t ion  of  a  IoikUmI  l>i*ani  there  are 
thrtv  kindd  of  Htrt*sH«  nanidy  ti*n8ioii«cotnprt*ssi(»n  and  nlirar.  Tlie 
first  two  an*  often  calle<l  jihrt'  attuHHtM  lHH*aurH«  they  act  along  the 
real  i)l>n*8  of  a  W(KNh*n  lK*ani  or  tlie  imaginary  onea  of  M'liidi  we 
may  Hn|)|K)st*  \nn\  and  hUvI  beams  com|K>stHl.  I{t«fore  taking  up 
the  8ul>ji*i*t  of  theM*  8tn*HS4*H  in  lH*anis  it  is  desirakh*  to  study  Ci*rtain 
(|uantitied  relating  to  tlie  hmds,  and  on  whidi  tlie  stresst^s  in  a 
U'am  de[iend.  These  <|uantiti«*s  are  calliHl  txftrnfil  ahtttr  and 
htttilittfj  itnuntnt^  and  will  now  Ik*  disciissiHl. 

34.  External  Shear.  I^y  extt*rnal  shear  at  (or  for)  any  8t«c. 
tion  of  a  hmtled  U*ani  is  meant  the  algi*)»niic  sum  of  all  the  loads 
^including  weight  of  lieam)  and  reactions  on  (ithf  r  ttitl,*  ol  the 
stH*ti«>n.  Hiis  sum  is  calliHl  external  shear  U^caust*,  as  is  shown 
later,  it  iN|ua1s  the  shearing  strt^ss  (^inttTiial )  at  the  siH*tion.  For 
hn*vitv,  we  shall  often  say  simply  **slu»ar**  when  external  shear  is 

•  w  I      • 

meant. 

35*  Rule  of  Siicns.  In  computing  external  shears,  it  is  cus* 
tomary  to  give  the  plus  sign  to  the  reactions  and  the  minus  sign 
to  the  loads.  Hut  in  onier  to  gi*t  the  same  sign  ft»r  the  external 
shear  whftlier  computi^ii  from  the  right  or  Irft,  we  rhtnujf  tht-  i*'njfi 
of  the  sum  wh«*n  ccmiputi*d  fmm  the  hmtls  and  n^actiona  ^'  tfte 
rnjht.  llius  f«>r  stH'tion  ♦/  of  th«»  U^am  in  Fig.  ^  the  algebraic  sum  is, 
when  ct>mput«Ml  fnun  the  left, 

-  1,<MM»  .  ;{JMM>         :  i,<MH>  |MMinds; 
and  whe!i  computtMl  from  th«*  right, 

IJMM»      ;i,IMM)   -J^INM)  -J.^HM)  2jMM>  jMiuuds. 

Tlie  external  shear  at  station  #/  is    •  *JJMM)  |K>unds. 

Again,  for  sin-tion  ft  the  algi*l>raic  sum  is, 
when  comput4*4l  fn>m  the  l«*ft, 

and  when  ci»mput4*<l  fnmi  the  right,  -  IJNNI  |M»uiids. 

The  lAtrrnul  slicar  at  the  Sintinn  is    *  1,<NN)  |N»uni|s. 

It  i^  u^uitlly  eonxmiiMit  to  compute  the  Awwr  at  a  Mvtioa 
fn»m  the  forci-s  to  the  ri^lit  or  h*ft  aivonliiit;  as  tln*n»  an*  fewer 
f(»nvs  ^loa«ls  and  n*aetion!«j  on  the  right  or  left  sides  of  the 
Sivtion. 
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36.  Units  for  Shears.  It  is  customary  to  express  external 
shears  in  pounds,  but  any  other  unit  for  expressing  force  and 
weight  (as  the  ton)  may  be  used. 

37.  Notation.  We  shall  use  V  to  stand  for  external  shear  at 
any  section,  and  the  shear  at  a  particular  section  will  be  denoted 
by  that  letter  subscripted;  thus  V„  V^,  etc.,  stand  for  the  shears 
at  sections  one,  two,  etc.,  feet  from  the  left  end  of  a  beam. 

The  shear  has  different  values  just  to  the  left  and  right  of  a 
support  or  concentrated  load.  We  shall  denote  such  values  by  V 
and  V";  thus  V^'  and  V/'  denote  the  values  of  the  shear  at  sec- 
tions a  little  less  and  a  little  more  than  5  feet  from  the  left  end 
respectively. 

Examples,  1.  Compute  the  shears  for  sections  one  foot 
apart  in  the  beam  represented  in  Fig.  9,  neglecting  the  weight  of 
the  beam.  (The  right  and  left  reactions  are  3,700  and  2,300 
pounds  respectively;  see  example  1,  Art.  33.) 

All  the  following  values  of  the  shear  are  computed  from  the 
left.  The  shear  just  to  the  right  of  the  left  support  is  denoted  by 
V;',  and  V;'  =  2,300  pounds.  The  shear  just  to  the  left  of  B  is 
denoted  by  V,',  and  since  the  only  force  to  the  left  of  the  section 
is  the  left  reaction,  Y/=  2,300  pounds.  The  shear  just  to  the 
right  of  B  is  denoted  by  Y,",  and  since  the  only  forces  to  the  left 
of  this  section  are  the  left  reaction  and  the  1,000-pound  load, 
y ;'  =  2,300  - 1,000  .-  1,300  pounds.  To  the  left  of  all  sections 
between  B  and  C,  there  are  but  two  forces,  the  left  reaction  and 
the  1,000-pound  load;  henee  the  shear  at  any  of  those  sections 
equals  2,300-1,000--.  1,300  pounds,  or 

v.,   ..  V,  ^  \\  =  V,  — -  V;-- 1,300  pounds. 
The  shear  just  to  the  right  of  C  is  denoted  by  V/';  and  since  the 
forces  to  the   left   of  that   section   are   the  left  reaction   and   the 
1,000-   and   2,000.j)ound  loads, 

V,"  -^  2,300  - 1,000 -  2,0(h      : -  700  i)ound3. 

Without  further  exj)lanation,  the  student  should  understand 


that 


V,       ^  f  2,300  -  1,000  -  2,000       -  700  pounds, 

y;  .-.-700, 

y;'  =.-.  -L  2,300  -  1,000  -  2,000  -  3,000  .^  -  3,700, 

y,  _yj=- 3,700, 

y^;'=  +2.300- 1,000-  2,000  -  3,000  H-  3,700=  0 
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2.  A  simple  beam  10  feet  lont;,  and  Bii|>|K)rt»Hl  at  each  end, 
weighs  4(N)  pounds,  and  U'ars  a  uniformly  distributed  load  of 
1,001)  ]K>unds.     Compute  the  sht*ars  for  stn^tions  two  fi*et  apart. 

Evidently  each  reaction  espials  onehnlf  the  sum  of  the  load 
and  weif^ht  of  the  U^nu  that  is,  Jl  (  \X>(H)  -  4(N))  --^1,0<K)  {)0uuds. 
To  the  left  of  a  S4H*tion  2  fivt  from  tlu*  left  end,  the  forces  acting 
on  the  beam  consist  of  the  K*ft  n*action,  the  loiid  on  that  part  of 
the  l)eam,  and  the  weight  i»f  tliat  |»art  ;  tlien  sinc<'  the  h)ad  and 
weight  of  the  \)eHin  jhrfiHtf  tNpml  2<N)  |M>unds, 

\\    -1,<HM)  2<Hr.  2       r»tM»piumls. 
To  the  left  of  a  st*ction   ftmr  fivt  frc»iii  the  It*ft  end,  the  forces 
are  the  left  n*action,  tlie  huid  on  that  {Mirt  of  the  l>eam,  and  the 
weight ;  henco 

\\      1,0<H)-2(X>  .  4       2<M»  jMUinds. 
Without  further  explanation,  tlie  student  should  Si*o  that 

\\  1,<MM)  2(H>  .  i\  2<M>  jKMind8, 
V,  1,(MM)  2<M»  .  s  »;<Mi|H)unds, 
V,;        1,<KM)  2(M»  .  1(1  lJHM»|K>unds, 

\J'       l,mH»   2(M)  .   Itl      1.<HH>        O. 
3.     Compute  the  VHlues  of  th«*  ^ht•ar  in  examph*  1,  taking 
into  aivount  the  weight  ut  tlie  U^ani  <  |IH)  |k»uihU  i.      (The  right 
and  left  n*actions  are  then  ^<,'.MN)  and   2,rt(N)  |M>un(ls  n*8|itH*tivoly; 
S4H*  example  3,  Art.  'M.) 

We  pnHMNMi  ju^t  as  in  rxamph*  1.  e.wpt  that  in  eai^h  compn- 
tation  we  inrludt*  tin*  writ^lit  of  the  Ihniiii  to  x\u*  lt*ft  of  the  section 
l(»r  to  the  right  when  eonipiiting  fr<»m  forr«*s  t(»  tlie  right).  The 
weight  of  the  U^am  U'liig  40  {N)und^«  |N*r  f«M)t,  tht*n  i computing 
fn>m  the  left) 

T  2,.'i<M>  |N)unds, 

.  2.r)<Mi  40       i  2,4»;o, 

i  '2J)in\  40  l.OtMi       .  1,400, 
--  ?  2,r)lM)  I.IMMI  40x2     -   •  1,420, 

i  2,.'ilM)    UMM>    40 
„   i  2,ri(MI    1,<HM)    \i\ 

-  -f  2,o<K)   IJHM)    10 

i/    ---i  2,r>(M>    I.IMMI    ,0 

.  ^  2,5<M)  i.iMMi  10 


.1 

-  t  l.:w». 

I 

1.:mo. 

't 

1.:<(M», 

•; 

'  l.-Jiio. 

»;  2jMM) 
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=^+2,5(H>    l,tM)0   2,«KK)   40x,7  7S0, 
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V;  = + 2,500-1,000-2,000-40  X  8  =  -820, 
V,"  =  +  2,500-1,000-2,000-40  X  8-3,000  =  -3,820, 
V,    =  +  2,500-1,000-2,000-3,000-40  X  9  =  -3,860, 
V',0  =  +  2,500-1,000-2,000-8,000-40  X 10  =  -3,900, 
V"jo=  + 2,500-1,000-2,000-3,000-40x10  +  3,900=0. 

Computing  from  the  right,  we  find,  as  before,  that 

V,   =-  ( 3,900-3,000-40  X  3) =-780  pounds, 
V/  =-(3,900-3,000-40  x2)=-820, 
V,"  =-(3,900-40  x2)=-3,820, 

EXAMPLES  FOR  PRACTICE. 

1.  Compute  the  values  of  the  shear  for  sections  of  the  beam 
represented  in  Fig.  10,  neglecting  the  weight  of  the  beam.  (The 
right  and  left  reactions  are  3,300  and  4,000  pounds  respectively; 
see  example  2,  Art.  33.) 

fV,    =V;=-2,100  pounds, 

v;'  =V3=v.=v,=v,=v,=v'3=+i,9oo, 

V  "  =V  =V  =V  =V  =V  =V  =V  =V'  =-1  700 

'8  '9  '10  ^11  '   12  '13  ^14  '^   15  '     16  ''')  I  VfW, 

V"    =V  =V  =V  =V'  =4-1600 

'16  ^17  '  18  '19  ^    2{)         n^J.,wvv. 

2.  Solve  the  preceding  example,  taking  into  account  the 
weight  of  the  beam,  42  pounds  per  foot.  (The  right  and  left 
reactions  are  3,780  and  4,360  pounds  respectively;  see  example  4, 
Art.  33.) 

Y;' =  - 2,100  lbs.   V,   =  +  1,966  lbs.    V,,  =- 1,928  lbs. 

V,    -=  -  2,142  V;  =  +  1,924  V,,  =  -  1,970 

V;  =  _  2,184  V;'  =  -  1,676  V,;  =  ~  2,012 

\V  =  +  2,176  V,   =-1,718  V,;'=  +  l,768 

V3   =  +  2,134  V,,  =-1,760  V„  =  +  1,726 

V,   =  +  2,092  V„  =-1,802  V,,  =  +  1,684 

y^   =  +  2,050  V,3  =-1,844  V,,  =  +  1,642 

Y^   =  +  2,008  Y,3=- 1,886  V^' =  +  1,600 

3.  Compute  the  values  of  the  shear  at  sections  one  foot  apart 
in  the  beam  of  Fig.  11,  neglecting  the  weight.  (The  right  and 
left  reactions  are  1,444  and  1,556  pounds  respectively;  see  example 
1,  Art.  33.) 
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V."  =^ 


All«.  -     V."    :- 

i  V,"  ..- 

I      \'      " 
^     ^    13 


III, 


Alls. 


1 


» « 


-  »,7<>«> 

I't.l't'.HI 


•,.  -  +    s:{0ll(^ 

:„•--  -.-.0 

-  I>70 
o 


f 
•  ■ 


V,--V/  -  !- l,or>t*i  |Hinii<is, 

\    .     -     I    i>»S 

V      V  :    V    _V       V    -V  ' 

4.     Compute  tilt*  vertical  Awnr  at  S(H*ti(»iis  nm*  fiKit  ajuirt  in 
tlu*  Ikmiiii  of  Kit;.  1*J,  takiiitr  into  a<vouiit  tin*  wriirlit  tif  tlu*  Ikniiii 
^(N>  |n»uih1!«,  and  a  distrihuttMi  l«ia<l  of  TtiH)  |m)UiiiIs  |nt  f<M>t.     (The 
rii^lit  ami  1t*ft  n*a4*tioiis  an*  l«^70  iuu\  ll/K{i)  |hiuii«Is  ri*!>|MH*tiw1y: 
Biv  cxaiiiplt's  M  and  I,  Art.  X\.) 

0  V.    -■  \  «;,i:,0  Ills. 

-    mollis.  v;  =+r>,»;i() 
=  -  -J.oio        v;.-^  +  K»;io 

v.,     _f  1,070 
V..,  -  +  .V:io 

V,.        f  1,:{70 

38.  Shear  DiaicramA.  Tlio  way  in  wliirli  tin*  rxtiTiial  hht*ar 
varifi*  fnmi  HTtinn  to  MH*tion  in  a  U^ani  can  In*  \vi«I1  ri*|irr<^i-nti*il 
liV  lin*ans  of  a  <liai;niin  calliMl  a  fh.'ir  iiiff*/r'Hi*»  To  rnn-irncl 
BUch  a  iliaiiraiii  for  any  ItMidc^l  U'ani, 

1.  1^1  V  otT  a  lint*  (Minal  ( liy  ^onit*  ticalc )  to  tin*  Irnjth  of 
tho  iNMiin,  aihi  mark  the  jHisitiona  of  tin*  hnpjHirts  and  tlit*  KkuIa. 
(This  ir«  rallitl  a  "liasc.liin'.") 

2.  I>ra\v  a  lin«*  hnclt  that  tho  distance  of  any  |MtiTit  of  it 
fn»ni  tin*  Ita-f  <*i|ii:ils  \  liy  hhih*  mmIi*^  tlic  hhi-nr  at  llu»  ci»rn'<iH»nd- 
inj^  M'ctinii  nf  tiic  iN'ain,  and  ho  that  tii<*  line  is  aInim*  tin*  Imim* 
whiTe  ihf  ^h^•a^  is  |*o*«iti\f,  and  In-Ihw  it  win-re  ni*t:ati\i*.  1 'Hiirt  is 
calli-<l  a  ■*//"'/*  ///.',  and  tiio  distanci*  fruni  a  |Miint  of  it  to  the 
Itasi*  i>  calh-tl  the  **onlinate'*  from  tite  ha->i*  to  tin*  rehear  lino  ut 
that  |Miint. ) 

We  .-hall  I'Xpiain  the?-t-  diai^^rams  fiirthi*r  hy  m«*anM  nf  iilun. 
tniti\f  e\am|ih-?<. 

/'.'x'nnj'f*.'*,  I,  It  if*  rei|nin»*l  to  1*1  instruct  the  >hear  «liai;ram 
ftir  the  U*am  re|in*iii'nle«l  in  Fig.  lIJ,  •/  ^a  tHipy  of  Fi^.  '.•). 
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Lay  off  A'E'  (Fig-  13)  ^)  to  repreBent  the  beam,  and  mark  the 
positioQS  of  the  loade  B',  C  and  D'.  In  example  1,  Art.  37,  we 
computed  the  valaes  of  the  shear  at  sections  one  foot  apart;  hence 
we  lay  off  ordinates  at  points  on  A'E'  one  foot  apart,  to  represent 
those  shears. 

Use  a  scale  of  4,000  pounds  to  one  inch.  Since  the  shear  for 
any  section  in  AB  is  2,300  pounds,  we  draw  a  line  ab  parallel 
to  the  baae0.575inch(2,300^4,000)  therefrom;  this  i a  the  shear 
line  for  the  portion  AB.  Since  the  shear  for  any  section  in  BC 
equals  1,300  pounds,  we  draw  a  line  f/'c  parallel  to  the  base  and 


lOoolbs. 


sooolbs.   3000  Iba. 


0.325 inch (l,.300-^4,000)  therefrom;  this  is  the  shwir  line  for  the 
portion  BC.  Since  the  shear  for  any  section  in  CD  Is  -700 
pounds,  we  draw  a  line  t-'d  below  tlie  base  and  0.175  inch 
(700-^-4,000)  therefrom;  this  is  the  shear  line  for  the  portion 
CD.  Since  the  shear  for  any  section  in  DE  equals  -.3,700  lbs.,  we 
draw  a  liiiei/'-^  below  the  base  and  0.i)2o  inch  (' ;t, 700 -:- 4,000)  there- 
from; tliis  is  the  shear  line  for  the  portion  ]>E.  Fig.  13,  />,  is  the 
reqiiiR'd  shear  diaiinini. 

2.  It  is  rei[uireil  (o  construct  the  shear  diagram  for  the 
beam  of  Fig.  14,  •(  (a  copy  of  Fig.  il),  taking  into  account  the 
weight  of  tlie  beam,  400  ]i<mnds. 

The  values  of  the  shear  for  sections  one  foot  apart  were  com- 
puted in  example  3,  Art.  37,  so  we  have  only  to  erect  ordinates  at 
the  various  points  on  a  base  lino  A'F]'  (F'ig.  14,  />),  equal  to   those 
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Tftlow.  We  ahall  use  tbe  saiiitf  bcsIo  oa  in  the  preceding  illuBtrk- 
tioD,  4,04H)  pounds  to  an  incli.  Tlicn  tliu  lengths  of  the  onlinates 
eorreaponiliiig  to  tlie  valut's  uf  the  Bhe«r  (we  vxample  S,  Art.  37) 
mn  ras{iMti%'eljr : 

2,50()  :-4,<K«)=(MJ:;r>  inch 

2,4<J(»-:-4,<HKI=n.til5     » 

l,4lH)  ;  4.lHHl=(),;l(ir>     " 


Ikying  thoM  onlinatps  <itT  fntm  iho  Iwao  (upwards  or  duwnwarda 
at^-ordiiig  aa  thcv  curiVMiwuil  tu  |M>8itivt' or  ito^tive  ahrare),  we 
gi't  ah,  JV,  c'tf,  and  (/■'•  as  the  shear  lines. 


sooolte.     aooolba. 


B.  It  ifl  rtHjuired  to  eonrtlruct  thu  vheiir  diH^raiu  for  the 
caiitilerer  beam  rt'|ireM.>nte<I  in  Fig.  l.»,  n,  neghtting  the  weight 
of  the  beam. 

Tile  value  af  the  shear  for  any  ftflion  in  AR  is  -SOO  jnanda; 
for  any  iM-ctii)n  in  lU*.  _  l.r.lMi  jhhiihU;  and  for  any  section  in 
<']>,  -  :t.r)<H)  [Miiinil.).  II.-n<f  th.'  >-)ifiir  lines  are  itlf,  b'c,  c'd.  Tbe 
Kale  being  .'/HH)  jHiinidii  l>i  an  iiieh, 

A'./-=      r»lM)  :  r>.l><Hl     :  (l.l  inch, 

ItV/  =  l,o)»0  :  5,lHM) .  :  ii.;|     •• 

C'.-'  =  ;t,r>CKI  :  O.IMMI       11.7     •* 
file  nhear  Hues  arv  all  betuw  the  base  Uvausu  all  the  values  of  tb* 
sluAr  are  ue^tive. 
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4.  Suppose  that  the  cantilever  of  the  preceding  illustration 
snataine  also  a  uniform  load  of  200  pouads  per  foot  (see  Fig.  16,  a). 
Construct  a  shear  diagram. 


Thus 


3cb.le    I'-soooIbs. 

Fig.  15. 

First,  we  compute  the  values  of  the  shear  at  several  sections. 


-  500  pounds, 

-500 -200= -700, 
-500-200x2=-900, 
"  =-  500  -  200X2  -  1,000  =-l,*)00, 
=_  500  -  1,000  -  200X3=-2,100, 
=-  500  -  1,000  -  200x4^-2,300, 
V;  =-500  -  1,000  -  200x5^-2,500, 
V,"  =-  500  -  1,000  -  200X5  -  2,000=-4,500, 
V,    =-  500  -  1,000  -  2,000  -  200x6^-4,700, 
V,    —  500  -  1,(K)0  -  2,000  -  200  X  7=-4,il00, 
V,    =-500-  1.000- 2,000 -200x8=-5,100, 
V,    =  -  500  -  1,000  -  2,000  -  200  X  0=-5,300. 
The  values,  being  negative,  should  ho  plotted  downward.     To  a 
scale  of  5,000  pounds  to  the  inch  they  give  the  shear  lines  ah,  Vcy 
<fd  (Fig,  10,  h). 

EXAMPLES  FOR  PRACTICE. 

1.  Construct  a  shear  diagrjiin  for  the  beam  represented  in 
Fig.  10,  neglecting  the  weight  of  the  beam  (see  example  1,  Art.  37). 

2.  Construct  the  shear  diagram  for  the  beam 
Fig.  11,  neglecting   the  weight    of  the   beam    (see 
Art.  37). 
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;l.  Coiirtfnut  t!n-  fli.-iir  <liHL'riiiii  fur  iln-  l«jirii  uf  Fip.  \i 
wlicii  it  xiixtniiiK.  in  H<)>litii>ii  li>  llio  1(nii)!1  rc|iri'M-iiti-)).  ito  own 
w<-i<rlit.  MKI  |H>un<l>'.  mill  n  uniform  I<ki<1  of  .*((H>  j><>nii<l.4  jut  r(M)L 
^«v  i-xiuiijiUt  4,  Art.  H7\. 

■1.  Fipi.  a,  ciw-.  1  mil)  '2.  Talilc  H,  n-pn-M-nt  two  laiitilt-vrr 
lH-iiiiiN,  tilt:  tir-t  iMMriii);  h  i-oii<rntr:iti'<l  loml  I*  at  tin-  frttr  cik), 
aiul  lilt'  M'cimil  a  iniiri<nn  louil  W.  !''!>;■>.  Ii  arc  tin-  riim-'[>i>n<lin); 
:<li.-iir  .liMcriiriis.  Tak.- I' aixl  \V  ttinal  to  l.iNN)  ihimikN.  una  Miti.sfy 
vt>iirs<-lf  that  the  iliiiKronis  an-  i-orni-t. 
mill  mttinfv  Viinriiflf  thiit  thi-  liiajfrains  iin-  i-ornt't. 

.'>.  Fi;;:'.  ".  t'lisi'it  :t  iiTi<l  1,  Kanii-  tulih%  n-|>n'Sfnt  Hini|iK> 
U-untH  iiii[>|Hirti-)l   nt  thi'ir  I'lxls,  the  tiri't  U-imii^  »  citnivnimtitl 

goolbft.  looolbtt.       tooolbs.  _ 
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lA'      ;b' 
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ulllllH|  nil 
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ijlllllilllllill'JI 

SeoJc 

M 

•-oooolbs. 

^ 

hiNil  I*  lit  thf  uiiiMh-,  mill  thi- mh-duiI  ii  iiuifurni  hitul  M'.  FiffH. 
'.  :.r.>  th.-  i-orn^l-inilii.-:  ^h.ar  .Iiat:nin.>.  Tak.-  I'  nixl  W  .-[UhI 
III  l.iMMi  |Kl1lll.l^.  ami  ^^lli^fv  \our-.  If  lh:it  lh.\  arr-  i-orpi-l. 

j«.     Maximum  Shear.       it  i^  ^ .tiiiHs  li.-iniMu  to  know 

Ih-  cnati-.t  or  inaxininn,  xalui-  ..f  llio  ^h.-ar  in  it  ;:iv.-n  t-;.^.-.    Tlii» 

\iiliu'  r;iiii.I«av>l«-  fiMin-l  witl rt;ii:it_v  I.v i^tnirtiiii;  ilii'  j^h.-nr 

iliiiL'rain.  fruin  nhi<-h  thi-  nt:i\inintii  Milin-  I'f  tlii>  .->lir:ir  i<  •■vi'lnit  at 

a  I;!;!!!!'!-.       In  nuy  fu—  it  ivui   i t  n-:i'iily  U- i-Mni[ini<-<]  if  oni* 

kiiKH;!  ihi-  Pi-i-tion  for  ulji<-h  tin-  r)i<-ar  i-  a  ni:i\iiiiiini.  Tlit*  MU- 
ih-nt  hhonlil  •xariiiiK-  all  tin-  f\u:tr  <li.'i;.'niiii-^  in  the  jmvi'ilint* 
artivli-s  tinl  lhoM>  ih.U  h<-  ha^  ilrawn.  iiti<l  n---  llnit 

1,  /ii  t->iiilil->--iK  Hj-.d  ill  ./  ir.iK^  t/„  iiHijeimuM  uAsar 
tKcurti  at  tht  trail. 
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2.  In  svmple  beams^  the  maximum  %heaT  occurs  at  a  sec- 
tion next  to  one  of  the  supports. 

By  the  use  of  these  propositions  one  can  determine  the  value 
of  the  maximum  shear  without  constructing  the  whole  shear 
diagram.  Thus,  it  is  easily  seen  (referring  to  the  diagrams,  page 
53)  that  for  a 

Cantilever,  end  load  P,  maximum  shear =P 

"        ,  uniform  load  W,         "  "    =W 

Simple  beam,  middle  load  P,        "  "    =iP 

"  «    ,  uniform  "  W,       "  "    =\W 

40.  Bendins:  notnent.  By  bending  moment  at  (or  for)  a 
section  of  a  loaded  beam,  is  meant  the  algebraic  sum  of  the  mo- 
ments of  all  the  loads  (including  weight  of  beam)  and  reactions 
to  the  left  or  right  of  the  section  with  respect  to  any  point  in  the 
section. 

41.  Rule  of  Signs.  We  follow  the  rule  of  signs  previously 
stated  (Art.  29)  that  the  moment  of  a  force  which  tends  to  pro- 
duce clockwise  rotation  is  plus,  and  that  of  a  force  which  tends  to 
produce  counter-clockwise  rotation  is  minus;  but  in  order  to  get 
the  same  sign  for  the  bending  moment  whether  computed  from 
the  right  or  left,  we  change  the  sign  of  the  sum  of  the  moments 
when  computed  from  the  loads  and  reactions  on  the  right.  Thus 
for  section  a,  Fig.  8,  the  algebraic  sums  of  the  moments  of  the 
forces  are: 

when  computed  from  tne  left, 

-1,000  X  5 + 3,000  X 1 =-2,000  foot-pounds ; 
and  when  computed  from  the  right, 

l,000xl9-3,000xl5  +  2,000xl3  +  2,000xl=  +  2,000  foot. 
pounds. 
The  bending  moment  at  section  a  is  -2,000  foot-pounds. 

Again,  for  section  J,  the  algebraic  sums  of  the  moments  of  the 
forces  are: 
when  computed  from  the  left, 

-1,000  X  22  +  3,000  X  18-2,000  X  16-2,000  X  4 + 3,000  X  2= 
-2,000  foot-pounds; 
and  when  computed  from  the  right, 

1,000x2= +  2,000  foot-pounds. 
The  bending  moment  at  the  section  is  -2,000  foot-pounds. 
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It  in  uhuhIIv  roiiwniriit  to  compute  thi«  lH»n<linj^  iiioiiu*nt  for 
%  f^evX'um  from  tin*  forxvn  to  tlu*  rij^ht  or  left  noconlin»r  hii  there 
■I rt^  fewer  foreeft  (loads  and  rtMictionn)  on  the  ri»^lit  or  left  uide 
of  the  set'tioii. 

4a.  Units.  It  is  cuHtoniary  to  exprenn  lH*n(lin^  niomentfl  in 
ineh|K»umls,  hut  often  the  f(M)t|>oun<l  unit  irt  nu»re  convenient. 
7o  rt*/t/rf  ftHtf.iHtumlM  in  lUfh-pituudn^  multtjtf y  Inj  t ir*  f vt\ 

43.  Notation.  We  Fhall  use  M  to  denote  U^ndin^  ni(»ment  at 
any  MH*tion,  and  tin*  UMidini^  moment  at  a  |>artieular  Htnrtion  will 
Ik*  d«Mu»t«Ml  hy  th:it  letter  sul)seripte4l;  thus  M,,  M .,  ete.,  denote 
vali»e8  of  the  iKMidiiic^  moment  for  wvtiouB  one,  two,  etc.,  feet 
from  the  Irft  t»nd  of  the  l>eam. 

Kj'tmplts,  \,  (\»m|)nt(*  tin*  lK*n<lin^  m(»ments  for  Rectiont 
one  foot  apart  in  the  l»eam  repn*sente<l  in  Fi*;.  *^  nt»|Th*ctinp  the 
weight  <»f  the  U'ain.  (The  rij^ht  and  h*ft  reaetions  an*  i{,7<K)  and 
'J,.'UM)  pountis  rr>jH'etivfly.      See  exanijih*  I,  Art.  X\,) 

Sinee  then*  are  no  forers  aetint;  iin  tin*  In^am  to  the  left  of  the 
lift  Hn|»|M»rt,  M  n.  T«»  the  left  (»f  the  MH'tion  one  f<H)t  from  the 
left  end  then*  is  hut  one  foree,  tin*  left  n*aeli«»n,  and  its  arm  is  one 
f(H»t;  ln-nee  M,  'JJino  .  1  ;!.:{< M>  f^M.t  |m»uihU.  T»»  the  h-ft  of 
a  MH'tion  two  frt-t  from  the  h*ft  t-iid  there  an*  two  fdH'es,  *J,.*{(H>  and 
1.<MM»  jM»untl>,  ami  thfir  arin>  an*  *J  f«i't  and  I  finit  rfSjKH'tivrly ; 
In-nee  M  •  ^J.-^tM)  J  IjMMi  .  I  3,6()0  fiMil  jhmiimN.  At  the 
left  of  all  MTtinns  lH-tw«*<-n  B  and  C  th«-n*  an*  only  two  forces, 
'J,:{(M>  and  IJMM)  pounds;  hfiiei* 

M  -J.iJOd  .   W    IjMMi  .   -J  l/.MMI  fcM»t.|H»Un<ls, 

M         *j.::<M»  .  r,  ijmmi  .  i        7,r»<M» 

Ti»  th»*  ii«jht  of  :i  MTlinti  M*\«-n  f«*«'t  fn»ni  the  Irft  riid  tln*re 
are  two  f«»n'i  ^,  tin*  .*{JMM»  pound  l«»:id  aipl  tin*  ri;:hl  reaetion 
(i{,7<M»  [M.uiid««',  and  thrir  arm*  with  rt-»|KM*i  i#i  an  t»ri^in  in  that 
stvliiMi  an*  rf.-[H*i*ti\rlN  out*  fiM»t  and  thrt*t«  feet;  hence 

M  it.'ItMi     ;{  .  ;i,(MMi  .  1.         s,liM»  f(M»t  jHiunds. 

To  thf  rit'ht  of  mw  M-<-iion  iM-twrfU  K  and  I>  tht»re  is  only  one 
foret*.  tin*  risiht  n*aelion ;  ln*in*e 
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M,=-(-3,700x2)=7,400  foot-pounds, 
M,==-(-3,700  X  1)=3,700 

Clearly  M,,=0. 

2.  A  simple  beam  10  feet  long  and  supported  at  its  ends 
weighs  400  pounds,  and  bears  a  uniformly  distributed  load  of  1,600 
pounds.  Compute  the  bending  moments  for  sections  two  feet 
apart. 

Each  reaction  equals  one-half  the  whole  load,  that  is,  ^  of 
(1,000 +400)  =1,000  pounds,  and  the  load  per  foot  including 
weight  of  the  beam  is  200  pounds.  The  forces  acting  on  the 
beam  to  the  left  of  the  first  section,  two  feet  from  the  left  end,  are 
the  left  reaction  (1,000  pounds)  and  the  load  (including  weight) 
on  the  part  of  the  beam  to  the  left  of  the  section  (400  pounds). 
The  arm  of  the  reaction  is  2  feet  and  that  of  the  400-pound  force 
:s  1  foot  (the  distance  from  the  middle  of  the  400 -pound  load  to 
the  section).     Hence 

M^^  + 1,000  X  2-400  X 1  =  + 1,600  foot-pounds. 

The  forces  to  the  left  of  the  next  section,  4  feet  from  the  left 
end,  are  the  left  reaction  and  all  the  load  (including  weight  of 
beam)  to  the  left  (SOO  pounds).  The  arm  of  the  reaction  is  4  feet, 
and   that  of  the  800-pound  force  is  2  feet;  hence 

M,=  -J  1,000  X  4-800  X  2=-  +  2,400  foot-pounds. 

Without  further  explanation  the  student  should  see  that 

M, --  ^  1,000  X  6-1,200  X  3-=  +  2,400  foot-pounds, 
M^=-  + 1,000  X  8-1,600  X  4-=  + 1,600 

Evidently  M,=M, --0. 

3.  Compute  the  values  of  the  bending  moment  in  example 
1,  taking  into  account  tlie  weight  of  the  beam,  400  pounds.  (The 
right  and  left  reactions  are  respectively  3,900  and  2,500  pounds; 
see  example  3,  Art.  33.) 

We  ])roceed  as  in  example  1,  except  that  the  moment 
of  the  weight  of  the  beam  to  the  left  of  each  section  (or  to 
the  right  when  computing  from  forces  to  the  right)  must  be 
included  in  the  respective  moment  equations.  Thus,  computing 
from  the  left, 
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•  *«» 

0 

.11, 

f  2,5(M)xl 

10^    1       :    . 

*J,4^0  flK>t|iOUII(ls, 

Mj 

r'J,r)(M)  .  2 

1,0<M)>   1 

SO  .  1    :  .  :{,«»2o. 

*  J 

+  2,r)<M)  -  :i 

1,<MM>  .  2 

rjn  .  lA      .  r,,:rj(^ 

4 

-4  *2J)iH)  .  4 

IjMM)  .  :i 

n;()  .  -J     ♦  ♦i.riso. 

* 

-T-'2,r)(M> .  T) 

1JNM»  -    ( 

:.NM) .  2A      »  s,(MM>, 

M, 

4  -JwiMj/r* 

l^HH)  .  T) 

•,M0  .  ;j-    i  lu'so. 

< '(»iii|>utiti4:  from  thf  nVht, 

M.         (    ;{.'.t(Mi  .  :J  ;  so  .  1  )  -    ;  7.T-,Mi. 
M,   -     (    ;{,5MM>.  1  +  40 xi)  =  + 3,880, 


M,      o. 
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;{.i<Mi  M„ 

•  --.'.KX'  M. 

ri.((H) 

.').;{( K»  M, 

.      KM.  M., 

l,^^H^ 

T.JIM » M,; 

l.:«M.  M,. 

:  :i,-j(M» 

:»..".( Ml  M„ 

;UMM»  M., 

l.fWN» 

:«.s(K»  M,. 

l.7<Mi  M,' 

0 

1.  Compute  lh(*  valih's  of  tin*  lH»mliiii^  inoiiicnt  for  »*«*i'lionrt 
oiif  f<K»t  a|uirt,  U'txiniiiiif;  one  f(K>t  from  tin*  Ifft  nnl  of  tlir 
Ihiiiii  n*prt»st'!ittMl  in  Vi^,  10,  iM-j^Kftinj^  \\ir  wrijjjlit  of  llu»  iKMim. 
[T\w  ri^lit  ami  Irfi  rfaotioiis  an»  3,.*{<M>  and  4JMM>  |K»umls  n'!»jK»f. 
tiwiy;  Htv  example  *J,  Art.  IVA. ) 

M,  'J,1<M>  M. 

Alls.        .M.  I/J<M>  M 

( iiifiM)t.  ^  M'-^     :1:MH)  M, 
jKUimls)      M,   ^  -     1(M>  M 
M     r  .  i,r,(M>  M, 

•J.  Solvr  tin*  pnt'iMliiii^  rxampK*,  takiiii^  into  arroiint  the 
w  M^lit  of  tin*  U'am,  rj  |H>iimls  jkT  f<M>t.  |  The  ri^^lit  an<l  l«'ft 
rrartinn^i  an*  i{,7*^0  and  l,ii»»(>  iKiumU  rr>j»irtiv«'ly;  st»«'  r.xampit*  4, 
Art.  :\A,) 

M,         J.rJl  M.    -    •  4,nNl  M, 

An^.     ,  M  l/>t  M  •  »»J»il  M.. 

linftHit--    M  -J^rj'J.M.  ^.nl«;  M^ 

|H»undM     M^  z  -       V\  M.  .  i;,;ut»  M  , 

.M  •  J^iC).")  .M,  .  l.o^n  M, 

it.  Compiitt*  tlu»  iK'ndinjx  mimifnts  for  Hn'tions  om*  foot 
aitart.  *>f  tlif  In-atn  rrpn*srntrd  in  Hji.  11,  nt'j^livtin^  tin*  Wright. 
(TIm*  ri^dil  and  left  rrartions  htv  l.HI  anil  lJioi\  |h)11Iu1h  rt*(({M«ct* 
iwly;  B*H«  fxainplt*  K  Art.  SA. ) 


*  7'.»'.»  M 

••..7:{0 

'.•7f.  M,. 

l.'.tv.» 

sv.«  M,. 

:    ;u'M 

-•.7;«;  M,. 
»,7  \:>  M . 

-  1,621 

0 
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M,=  +  l,556  M.=+5,980  M,  =+6,104  M„=-f-4.338 
M,=  +  3,112  M. =  +  6,936  M„=  +  5,660  ar„=  +  2.884 
M,=  +  4,0C8  M,  =  +  6,992  M„=:  +  5,216  M„=  +  M40 
M,=  +  5,024  M,=  +6,548  M„=  +  4,772  M„=  0 


(in  foot- 
ponnds) 


4  Compute  the  bending  moments  at  sections  one  foot  aparf 
in  the  beam  of  Fig.  12,  talsing  into  account  the  weight  of  the  beam, 
800  pounds,  and  a  uniform  load  of  500  pounds  per  foot.  (The 
right  and  left  reactions  are  4,870  and  11,930  pounds  respectively; 
Bee  ExB.  3  and  4,  Art.  33.) 

fM.^  -      270  M,  =  -19,720.  M„=  +  3,980  M„=12,180 

Ans.       M,=  -  3,0S0  3f,  =  -13,300  M.,=  +  6,700  M„=12,200 

(in foot- -{  M^=  -  0,430  M,=-  7,420  M„=+  8,880  M„=  8,680 

pounds)     M  =-10,320  M.  =-  3,080  M„=+10,520  M.„r=  4,620 

[^  M,=  -14,750  M,„=  +     720  M„=  + 11,620  m1=  0 

44.  Moment  Diagrams.  The  way  in  which  the  bending 
moment  varies  from  section  to  section  in  a  loaded  beam  can  be 
well  represented  by  means  of  a  diagram  called  a  7?i.om-etit  diagram. 
To  construct  such  a  diagram  for  any  loaded  beam, 


aooolbs.      aooplbs. 


(see 


ScMe;i  -  looooft-lba 

Fig.  17. 

1,  Tjiy  olf  a   basisliiii'    jiiat    as    for   a  t;li(':ir  1 
.\rt.  38). 

2.  I>raw  a  litj,-  .'^ucli  tlint  the  dist;infe  from  aiiy  jwint  of  it 
to  the  base-line  equals  (liy  some  seiile)  the  value  of  the  bending 
moment  at  tlie  ciirrL'tijiotulLiig  sirlion  of  the  bejini,  and  so  that  tbo 
line  is  above  the  base  where  the  beinliiig  iijomeiit  is  positive  ami 
below  it  where  it  is  neijative.  (This  line  is  called  a  "moment 
line.-') 
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K<Muijitf«.  1.  It  id  rei|iiire<]  to  con-itniot  a  nioment  (lift- 
prsTii  for  the  beam  of  Fip  17,  a  (a  »i[iv  of  Fi^.  !>),  loaded  as 
tlwri"  pIh.wii. 

Ijiy  iiJT  A'E*  (Fin.  !"■  '')  *■•'  *  '•""'■  '"  »*''H"i|'lf  1.  Art.  4-1, 
wv  foiii|>tit*-<l  tli(<  vnliu'R  of  lilt*  In-riding  <ri(iiii<-nt  fi>r  t>iH-tioiiA  one 
f<H)t  a|«rt.  HO  wt-  i^Twt  unliiiatf^  nt  [xiintn  of  A'K'  oik-  fiNtt  ajiart, 
to  rc|in-><fiit  the  iH-iidiii^  nioiru'rito. 

W'f   tillHll  tli>t-  u  t>vn\f  of  UMHN)  f.N>l.|>(>iiiid.-i  t<>  llif  iiirli;  tiifti 
Uie  ordiiiHti-!)  (mv  cxain]))!'  1.  Art.  Ct,  for  vhIius  nf  M  i  will  Ik>: 
Orif  ftKil  fnmi  I.-ft  rnd.  --VtiMl  :  in.lMMl     :  (l.:i;l  im-h. 

Two  f*ft 8,600  :  HMMKi      (1.30     " 

Tlmv  "      ' 4.'.«Mi  r  lii.(Hi()    5  0,4'.t    '• 

Four '       ••     (J.eiM)  :  HMHKl  .  -  O.iJ-J     »• 

tti'.,    etc. 


Fik*.  If*. 

Ijiyiii^  tin-.-  onlitiAtcri  <ilT,  mid  joining  (licir  ends  in  niiiitioiioii, 
we  p't  till-  lino  A''"->/K'.  wliicti  i*  tlic  lH-iidiii>;  iiioiiicril  liiif. 
Fijr.  17,  ''.  in  till-  iiioiiii'iit  diajxraiii. 

'-.'.  It  i-i  rf<|)iinil  to  <-i>ii>irii(-t  llic  nniitictit  ilia^rrnin  fi>r  tl:c 
Itt-ain,  Fii:.  l**,  •'  lit  ciijiv  of  I'i^.  '■■  i,  tiikiti;;  into  m-i-oiitil  t)i<-  urii^lit 
of  th.-  lN-:.ni.    IIHI  ]..nir.dn. 

Tlif  MiUi f  tli>-  l--iidiTi>:  iiiiiiiii-iit  fur  M><-Ii<>ti!<  on.-  f<H>t  u]«rt 

won*  roiii]-lit<-<l  ill  cMiiiipli-  :!.  Art.  |:t.      So  ui-  li:tv<-  only  {•>  liiy  off 


on)il)al<-!.  ciunl   to  [)■»-•■   Milii<-<.  out-  foot  n|.i)rt.  on  tlif  1>aM-  A'K 

Ton  H-iil<>  of  IM.IHHI  f.Nii.)-iiitid-  !••  tilt-  itii-li   tli<-  onlitialM 
(■rfexniiijilc  il,  Art.  Ill,  for  VHliirK  uf  Mi  arc: 


STRENGTH  OF  MATERIALS 


At  left  end,  0 

One  foot  from  left  end,  2,480h- 10,000=0.248  inch 
Two  feet     "       "     "     3,920-^10,000=0.392    " 
Three  "      "       "     "      5,320-5-10,000=0.532    " 
Fonr    "      "       "     "     6,680^-10,000=0.668    " 
Laying  these  ordinates  olf  at  the  proper  points,  we  get  A'6edE 
as  the  moment  line. 

3.  It  is  required  to  construct  the  moment  diagram  for  the 
cantilever  beam  represented  in  Fig.  19,  a,  neglecting  the  weight 
of  the  beam.     The  bending  moment  at  B  equals 

-500x2— -1,000  foot-pounds; 
atC, 

-500  X  5-1,000  X  3=-5,500; 
and  at  D, 

-500X9-1,OOOX7-2,OOOX4=-19,600. 


Sc8.1e:i"»  20000  ft.-ltaa. 


Fig.  19. 
Using  a  seule  of  20,000  foot-pounds  to  one  inch,   the  ordioates 
in  the  bending  moment  diagram  are: 

AtB,    1,000-^20,000^0.05  inch, 
«  C,    5,500^  20,0C  0=0.275  " 
"  D,  19,500^20,000=0.075  " 
Hence  we  lay  these  ordinates  off,  and  downward  because  the  bead- 
ing momenta  are  negative,  thus  fixing  the  points  h,  a  and  d.      The 
bending  moment  at  A  is  zero;  hence  the  moment  line  connects  A 
i,  '.?  and  d.     Further,  the  portions  Ai,  lo  and  cd  are  straight,  as 
can  be  shown  by  computing  values  of  the  bending  moment  for 
sections  in  AB,  BC  and  CD,  and  laying  off  the  correspondiaw 
ordinates  in  the  moment  diagram. 


sTiiKNiiTii  iH'  mati:kiai> 


:t!i 


4.  PujijKMU'  tliat  till'  t-itiililcxvr  of  tin*  |in-c<-<tiii^  illuRlmtJon 
Miitiiiiis  «1mi  II  uniform  Ifwl  i»f  100  ixiuinU  |iit  fiK>t  I'sif  Fi^x.  -'(>.  </). 
t '<iiistriii*t  »  iiKiiiK'iit  iliiiixrmii. 

Kirxt,  uv  (-iiiii|tiit('  till-  viiliif:<  of  ihf  U'liiJiii^  immiciil  Ht  m'v. 
ltuI  Mvtiotix;  tUna. 
M.=-500 X  1-lOOx *=-650  r(x>t.|ioandi, 


-.j(M)X  2-200  X  1  ---  -1.2(K), 

-5(tOx3  1.0()0xl--300xlS=-2/.t50. 

■-r>0(lx4  1.0()Ox2-4(H)x2--l,H(H), 

:-r>(Hi<3-1.0<H)x3-30t>x2A     -(i,75'>. 
5IKI  .  r,  l,0t)i).y:4-2.0tM)xll-H()Ox:i----lO.'*OO. 

:-5<Kl\  7-I.)K)(tx5-2.<HK)x2-7IHlv3J^:.M,'.'r>0, 
-51H)  ■  S-l,(IOOxH-2.(HK)x;i->'IM)x4-    -ll»,2fHl. 

:-50O-:it-l,OO0x7-2,000x4-{H)0x4i=-23,u50. 

soolbs.  looolbs.       2ooolbs. 


3c^e:r-2ooooft-Ibs. 


Kit:.  3'. 
TIk-^-    viiliL-K   nil    Ix-iii^r   n.^iUiv.-,  III.-  onlliiitt.-x  itr.-  nil    Iniil  itff 
.louiiwitnl:'.     To  H  M-Hl,...f  2IMHMI  r>.>t.|..>iin.)-.  t..  .m..  i.i<-)i.  tli.-y 
tix  llii-  iiiiiiiK-iil  line  .Vf-if. 

BXAHPmS  FOR  PRACTKB. 

1 .  t  iiii-tnii-t  11  iinitii.-iil  iii;ii.'raiii  fur  tin-  U-iuii  ri-jtri-^.-rii.-i  in 
Fii:.  hi,  m-i;I.i-lini.'  tho  w.-i^-lit  '.f  ll»-  U-uiii.  ^Si-  eMiinpli-  J, 
\rl.  4.1). 

2.  <'t>n^tnifl  n  iiKinii-iil  diH^rmiu  for  i)i<-  U-iirii  rt-pn'H-iitd) 
ill  Fitr.    1 1.  nr;;lcclih<;  tin-  ufi-.'lil  of  tlit-  iN-itiii.      i  St-  ■•xit>ii].l<-  :t. 

An.  4:i). 

:t.     ( 'onittruot  lilt-  nii>trii-Nt  <liuf;r»iii  for  tlic  Ix-urn  of  h'l^.  12 
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when  it  sustains,  in  addition  to  the  loads  represented  and  its  own 
weight  (800  pounds),  a  uniform  load  of  500  pounds  per  foot. 
(See  example  4,  Art.  43.) 

4.  Figs,  a^  cases  1  and  2,  page  53,  represent  two  cantilever 
beams,  the  first  bearing  a  load  P  at  the  free  end,  and  the  second 
a  uniform  load  W.  Figs,  c  are  the  corresponding  moment 
diagrams.  Take  P  and  W  equal  to  1,000  pounds,  and  I  equal  to 
10  feet,  and  satisfy  yourself  that  the  diagrams  are  correct. 

5.  Figs.  «,  cases  3  and  4,  page  53,  represent  simple  beams 
on  end  supports,  the  first  bearing  a  middle  load  P,  and  the  other  a 
uniform  load  W.  Figs,  c  are  the  corresponding  moment  dia- 
grams. Take  P  and  W  equal  to  1,000  pounds,  and  I  equal  to 
10  feet,  and  satisfy  yourself  that  the  diagrams  are  correct. 

45.  Maximum  Bending  Moment.  It  is  sometimes  desirable 
to  know  the  greatest  or  maximum  value  of  the  bending  moment 
in  a  given  case.  This  value  can  always  be  found  with  certainty 
by  constructing  the  moment  diagram,  from  which  the  maximum 
value  of  the  bending  moment  is  evident  at  a  glance.  But  in  any 
case,  it  can  be  most  readily  computed  if  one  knows  the  section  for 
which  the  bending  moment  is  greatest.  If  the  student  will  com- 
pare  the  corresponding  shear  and  moment  diagrams  which  have 
been  constructed  in  foregoing  articles  (Figs..  13  and  17,  14  and 
18,  15  and  19,  IG  and  20),  and  those  which  he  has  drawn,  he  will 
see  that — 77/d  innxuimiii  ht-nding  tnoment  in  a  htain  occurs 
where  the  shear  changes  sign. 

By  the  help  of  the  foregoing  principle  we  can  readily  com- 
pute the  maximum  moment  in  a  given  case.  We  have  only  to 
construct  the  shear  line,  and  observe  from  it  where  the  shear 
changes  sign;  then  compute  the  bending  moment  for  that  section. 
If  a  simple  beam  has  one  or  more  overhan(i;ing  ends,  then  the  shear 
changes  sign  more  than  once — twice  if  there  is  one  overhanging 
end,  and  three  times  if  two.  In  such  cases  we  compute  the 
bending  moment  for  each  section  where  the  shear  changes  sign; 
the  larcrest  of  the  values  of  these  bendint;  moments  is  the  maxi- 
mum  for  the  beam. 

The  section  of  maximum  bendint;  moment  in  a  cantilever 
fixed  at  one  end  (as  when  built  int)  a  wall)  is  always  at  the  wall. 
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Thus,  without  reference  to  the  moment  diagrams,  it  is  readily  seeo 
♦hat, 

for  a  cantilever  whose  length  in  /, 

with  an  end    load  P,  the  maximum  moment  is     PZ, 
"    a  uniform  "     W, ««  «*  "        "  J  W/. 

Also  by  the  principle,  it  is  8et*n  that, 

for  a  bt^am  whose  lenjjth  is  /,  on  end  supports, 

with  a  middle  hmd  ]\  the  maximum  moment  is  ^  P/, 
**    uniform     »*     W,  **  «'  "        «*  f^  W/. 

46.  Table  of  Maximum  Shears,  Moments,  etc  Table  B 
on  {>a^  .'>.'(  shows  tlie  sliear  and  moment  din^nuns  for  ei^ht 
sim]»Ie  casi»s  of  bi»am8.  T\\v  first  two  cases  are  built-in  cnntilewrs; 
tlie  next  four,  simple  lH*anis  on  end  sup|M>rts;  and  the  last  two, 
n^straintnl  In^ams  built  in  walls  at  each  end.  In  each  case  I 
denotes  the  length. 

CENTER  OF  GRAVITY  AND  HOMKNT  OF  INERTIA. 

It  will  Ih)  shown  latiT  that  tlu*  strt'Ti^'th  of  a  lx*aiu  dt*pM*nds 
partly  on  the  form  at  its  cross-sti-tion.  The  followinix  discussion 
nOatrs  princijMilly  to  cross. >«•<•! ions  t»f  lM*ani«*,  and  th«*  n-sults 
n*aclii*<l  (like  hhcar  and  U'lidinti  iiKuni'ntj  will  U*  matU*  um*  of 
later  in  the  subjtTt  of  .slrm^th  t»f  iM-anis. 

47.  Center  of  Qravity  of  an  Area.  Tin*  stutK-nt  prolmbly 
knows  what  is  'ncaiit  by,  and  how  to  lintl,  tin*  cfiitiT  <»f  j^ravily  of 
any  llat  di^k.  as  a  pirtv  of  tin.  iVolaMy  \\\>  way  is  tti  balance 
the  pii'ce  of  tin  on  a  |M*n(*il  |>f»int,  tht*  point  of  the  tin  at  which  it  so 
Uilanct'H  U  ini'  tin*  i-t-nlrr  <if  'Tavitv.  i  Krallv  it  is  midway  lH*twet»n 
the  hUrfacTs  of  the  tin  and  over  the  balanrini;  |Hiinl.)  Tin*  center 
of  ^ni\  it\  of  tho  pirrr  of  tin,  is  aUo  that  |Kiini  of  it  throuj^h  \\hi<*h 
thr  rf-»ultant  force  of  i:ravitv  on  the  tin  jthal  is.  tlu?  wt-iijht  i»f  the 
pifivi  acts. 

|5y  "centt'i  of  i^ravity"  of  a  plaiu*  ana  i*{  any  .»*ha|K»  \\r  mean 
that  iMiinl  of  it  which  <*or:»-|M»ii.is  to  the  centrr  of  |jni\itvof  a 
piii'e  of  tin  when  tin*  lalirr  i"  lut  out  in  the  ?»ha|if  <»f  tlie  an*a. 
'llie  center  of  ^ra\  it)  of  a  tpute  irr»'L'^jh»r  »*na  can  In»  fount!  in<i?*t 
n*aililv  bv  balaneihi/  a  piiH'e<»f  tin  or  ^tit^  |i;i|Mr  cut  in  tht*  hha|i«« 
of  thejirea.  lUit  when  an  an*a  is  f-iinple  in  hlia|N*,  or  c(»n^i^t^  of 
|Mirts  which  are  simple,  the  center  of  |{ru\ity  of  the  whole  can  lie 
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Fig.  21. 


fonnd  readily  by  computation^  and  snch  a  method  will  now  be 
described. 

48.  Principle  of  iloments  Applied  to  Areas.  Let  Fig.  21 
represent  a  piece  of  tin  which  has  been  divided  off  into  any  num- 
ber of  parts  in  any  way,  the  weight  of  the  whole  being  W,  and 
that  of  the  parts  W„  Wj,  Wj,  etc.  Let  C,,  Cj,  C,,  etc.,  be  the 
centers  of  gravity  of  the  parts,  C  that  of  the  whole,  and  tf„  r?,,  c„ 
etc.,  and  c  the  distances  from  those  centers  of  gravity  respectively 
W)  some  line  (L  L)  in  the  plane 
of  the  sheet  of  tin.  When  the 
tin  is  lying  in  a  horizontal  posi- 
tion, the  moment  of  the  weight 
of  the  entire  piece  about  L  L  is 
Wc?,  and  the  moments  of  the 
parts  are  Wj^?,,  'Wj<?2,  etc.  Since 
the  weight  of  the  whole  is  the  • 
resultant  of  the  weights  of  the 
parts,  the  moment  of  the  weight 
of  the  whole  equals  the  sum  of  the  moments  of  the  weights  of  the 
parts;  that  is, 

W(?=W,c,+ WjOj+etc 

Now  let  Aj,  Ag,  etc.  denote  the  areas  of  the  parts  of  the  pieces 
of  tin,  and  A  the  area  of  the  whole;  then  since  the  weights  are 
proportional  to  the  areas,  we  can  replace  the  Ws  in  the  preceding 
equation  by  corresponding  A's,  thus: 

A6^=Ai<^j  + A/'2+etc (4) 

If  we  call  the  product  of  an  area  and  the  distance  of  its 
center  of  fj;ravity  from  some  line  in  its  plane,  the  "moment"  of  the 
area  with  respect  to  that  line,  then  the  preceding  equation  may  be 
stated  in  words  thus: 

Ttte  moment  of  an  area  with  respect  to  any  line  equals  the 
algehraic  sum  of  the  moinents  of  tlie  p>^^^t'^  of  the  area. 

If  all  the  centers  of  gravity  are  on  one  side  of  the  line  with 
respect  to  which  moments  are  taken,  then  all  the  moments  should  be 
given  the  plus  sign;  but  if  some  centers  of  gravity  are  on  one  side 
and  some  on  the  other  side  of  the  line,  then  the  moments  of  the 
areas  whose  centers  of  gravity  are  on  one  side  should  be  given  the 
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samo  0i^n,  and  the  incinients  of  the  otluTH  thi*  (>|»|K)sito  Hi^n.  Tlio 
fon»^in^  18  the  principle  of  nionK*nt8  for  Hreas,  ami  it  is  the  Imsis 
of  all  niles  for  lindiii^  the  center  of  gravity  of  an  area. 

To  find  the  cc»nter  of  gravity  of  an  area  whieh  ean  be  dividt*d 
op  into  simple  parts,  we  write  the  principK*  in  forms  of  e<{uationa 
for  two  different  lines  as  **axe8  of  moments/*  and  then  solve  the 
equations  for  the  unknown  distances  of  the  center  of  gravity  of  tlie 
whole  fnmi  the  two  lines.  We  explain  further  by  means  of  s|MH'itic 
examples. 

Kx^imj)leH.  1.  It  is  nnjuiivil  to  find  tlu*  centrr  of  gravity 
of  Fig.  22,  a,  the  width  In-ing  uniformly  one  inch. 

The  area  can    be  dividnl  into  two  rectangles.     Lt*t  (\  and 


Jl 


U 


A 


12^ 


V 


1 


Fiff.  a 


C,  be  the  centers  of  gravity  of  two  such  {>arts,  ami  ('  the  center  of 
gravity  of  the  whole.  Also  Irt  </  and  //  denote  the  distances  of  0 
from  the  two  lines  Ol/  ami  OT/*  n»«|»t*c'tivfly. 

The  areas  of  the  |»arts  art*  <>  and  •$  s<{uare  inches,  and  their 
anns  with  n»spt*cl  to  (>!/  an*  4  inches  an<l  \  inch  n*sjMH'tivfly,  and 
with  n*spt*ct  to  <>L"  A  inch  ami  \\  inchrs.  Hence  the  tMjualions  of 
moments  with  n»sptrl  to  Of/  and  OL"  (the  whole  area  bfing  9 
square  incht«s)  an*: 

i»v7>     -«Xj  +  3xlJ  =  T.r,. 
Ilenoe,  */    -  '-io.S-f-O  -  -  2.S3  inches. 


h 


7.5H-ir     0.S3      - 


2.      It  is   n*iiuintl  to  l<K'atethe  tvnlerof  gravity  of  Fig.  22,  J, 
the  width  lieing  unifonnly  one  inch. 
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The  figure  can  be  divided  up  into  three  rectangles.  Let  Ci,  C, 
and  C3  be  the  centers  of  gravity  of  such  parts,  C  the  center  of 
gravity  of  the  whole;  and  let  a  denote  the  (unknown)  distance  of 
C  from  the  base.  The  areas  of  the  parts  are  4,  10  and  4  square 
inches,  and  their  "  arms  ''  with  respect  to 
the  base  are  2,  \  and  2  inches  respectively;  Y^"^ 

hence  the  equation  of  moments  with  re- 
spect to  the  base  (the  entire  area  being  18 
square  inches)  is: 

18X^=4X2+10X4+4X2  =  21. 

Hence,  a  =  21-^18  =  1.17  inches. 

From  the  symmetry  of  the  area  it  is  plain 
that  the  center  of  gravity  is  midway  be- 
tween the  sides. 


2 


Fig.  23. 


EXAMPLE  FOR  PRACTICE. 

1.    Locate  the  center  of   gravity   of 

Fig.  23. 

Ans.    2.3  inches  above  the  base. 

49.    Center  of  Gravity  of  Built-up  Sections.      In  Fig.   24 

there  are  represented  cross-sections  of  various  kinds  of  rolled  steel, 

called  "shape  steel,''  which  is  used  extensively  in  steel  construction. 

Manufacturers  of  this  material  publish  "handbooks"  giving  full 

information  in  regard  thereto,  among  other  things,  the  position  of 

the  center  of  gravity  of  each  cross  section.    With  such  a  handbook 
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Fig.  21. 

available,  it  is  therefore  not  necessary  actually  to  compute  the  posi- 
tion  of  the  center  of  gravity  of  any  section,  as  we  did  in  the  pre- 
ceding article;  but  sometimes  several  shapes  are  riveted  together  to 
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m«ke»"boiIt.ap"  Miction  (see  Fig.  25),  and  thvn  it  miif  tie  nectw- 

ttry  to  coniputv  the  ptwition  of  tlit>  ceiittT  of  gravity  of  the  M<<ction. 

Kjetimjilt:     It  ia  detiircd  to  local*'  tJie  tvi»t»-r  of  (jravity  of  tbe 

■ection  of  «  bailt-u|)  tieam  repreacntttl  in  Fig.  25.  Thv  beam  coo- 


?*= 


FiK.  2&. 
BJBts  of  two  cliannels  and  a  plute.  the  an-a  of  the  orotid-tu>clion  uf  a 
cbannel  U-irig  tJ.03  tujiiarv  iiii-heK. 

Kviileiitly  the  cvnter  uf  gmvity  of  eneh  channel  section  is  0 
iDchea,  and  that  of  the  jilate  M-ction  in  Vi\  InoheD,  from  the  bottom. 
U-t    -■  denote    the    ilia- 
"  \    \.  <  '  taniv   of  the  center  of 

gravity  of  the  wholt) 
ikvlion  from  the  \tn\- 
torn;    then    Hinev    the 

fa areit  of  the  [ilaleHectioD 

I  /jT"  -^    iri  7  Hijiinre  im'heii,  and 

"  C^Leo'  that  ,.f  the  wh..Ie  sec- 

liun  irt  I'.i.ih;. 

•*-■•— U  IIMM!  ,'.-  :      i\.\Y.\  X  6  + 

i:.H:t  .  i;  *  7xl2J-^ 
ir.^.li. 

•■      I'lVll  :  r.MH')     S.:tlMnchei>.  fuUnil). 
I!XAMPLE5  FOR  PRACTICE. 
Locatv  tbe  center  of  gravity  of  tbe  built-ap  aectioD  of 
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Fig.  26,  aj  the  area  of  each  "angle"  being  5.06  square  inches,  and 
the  center  of  gravity  of  each  being  as  shown  in  Fig.  26,  J. 

Ans.     Distance  from  top,  3.08  inches. 

2.  Omit  the  left-hand  angle  in  Fig.  26,  a,  and  locate  the 
center  of  gravity  of  the  remainder. 

.        j  Distance  from  top,  3.65  inches, 
°^*  \         "  "      left  side,  1.19  inches. 

50.  iloment  of  Inertia.  If  a  plane  area  be  divided  into  an 
infinite  number  of  infinitesimal  parts,  then  the  sum  of  the  prod- 
ucts obtained  by  multiplying  the  area  of  each  part  by  the  square 
of  its  distance  from  some  line  is  ealled  the  moment  of  inertia  of  the 
area  with  respect  to  the  line.  The  line  to  which  the  distances  are 
measured  is  called  the  inertia-axis;  it  may  be  taken  anywhere  in 
the  plane  of  the  area.  In  the  subject  of  beams  (where  we  have 
sometimes  to  compute  the  moment  of  inertia  of  the  cross-section 
of  a  beam),  the  inertia-axis  is  taken  through  the  center  of  gravity 
of  the  section  and  horizontal. 

An  approximate  value  of  the  moment  of  inertia  of  an  area 
can  be  obtained  by  dividing  the  area  into  small  parts  (not  infini- 
tesimal), and  adding  the  products  obtained  by  multiplying  the 
area  of  each  part  by  the  square  of  the  distance  from  its  center  to 
the  inertia-axis. 

Example.  If  the  rectangle  of  Fig.  27,  a,  is  divided  into  8 
parts  as  shown,  the  area  of  each  is  one  square  inch,  and  the  dis- 
tances from  the  axis  to  the  centers  of  gravity  of  the  parts  are  ^ 
and  li  inches.  For  the  four  parts  lying  nearest  the  axis  the 
product  (area  times  distance  squared)  is: 

lX(  Vf^=\\  and  for  the  other  parts  it  is 

Hence  the  approximate  value  of  the  moment  of  inertia  of  the  area 
with  respect  to  the  axis,  is 

4(i)+4(S)=-10. 
If  the  area  is  divided  into  82  parts,  as  shown  in  Fig.  27,  J, 
the  area  of  each  part  is  ^  square  inch.  For  the  eight  of  the  little 
squares  farthest  away  from  the  axis,  the  distance  from  their  centers 
of  gravity  to  the  axis  is  1^  inches;  for  the  next  eight  it  is  IJ; 
for  the  next  eight  |;  and  for  the  remainder  ^  inch.     Hence    an 
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inotiii'iii  i>f  iricrtiii  of  tlic  nrluii^li'  with 


into  still  KnmlltT  jxtrtit  hiiJ  form 


ap[mixiiiiHti*  vhIiii-  of  the 
rcKjKH-t  totht'Hxix  in: 

If  ui-  (iivitif  till-  riftHn^'lc 
tlif  jinniiift!' 

(siimll  urt-iti  '  i<lisiamv)\ 
and  ail<l   tlit>   pnxlui-ti*  just  hs  wc  have  ilonc,  wt-  sliiili  p-t  b  larger 
aiiswiT  tliiiii    KM.     1^i,>  f.iiihI1<t    the  |uirls    into    u)iich    tlii>    n-c- 
taiif;If  is  ilivi.U-.!.  ilu-  Inr^vr  will   U-  tin-  iiiisw.T,  Imt  it  will  never 
Ui    lar^tT  tliiiii   llljj.     Tliis   lOjJ  in  tin-    sum  corn-siNinilin^  to  a 

ilivisioh  of  till'  nvtHD^Io  into  an 
'^*^—\      _       h~~^"H  infiiiiti-ly  lar^;i*  nuintttT  of  \MrtB 

I  infinitely    siimll)    and  it  is  the 

cxai't  vhIiii-  of  thf  inonivnt  of 
*?L'1.1 1 1_  j.-l  I   1   I   |frJd<-  inertia  of  the  n-ctniinle  with  n- 

sjKVt  to  ttie  axis  M-le«.'t<><]. 

llien*   are  aliorl    inethoils    <if 

4iini]iiitinfr  thceMM't  valiiMof  tbo 

nionieiitH  of  inertia  of  sini|i1e  tig. 

nrcs  ( ni'taiijiles.  cirvles,  etc.,), 
bnt  tliey  caiiinit  U-  ^'iven  lii-re  sinee  lliey  involve  the  iiM>of  difficalt 
Niathennitii-s.  The  fon-piiii^  rnetliixl  to  olitain  M|i[iro\iiiiate  val- 
iiiti  of  moments  of  inertia  is  iisiil  e»|N-<-Iiill_v  when  the  area  is  quite 
irn-^iilar  in  shajH',  l<iit  it  is  jjivi-n  hen- to  explain  to  the  Htudent 
the  ni'-iiii'i.-f  of  the  nioineni  of  iin-rtia  of  an  area.  lie  shoiihl 
inxliTsliirnl  now  that  the  moment  of  inertia  of  an  area  ia  Hiiii- 
]ily  a  name  for  niu-h  snms  lut  we  Iiavt-  jn^t  eoinpntol.  The  name 
irt  not  a  tittini!  one.  sinee  the  snm  has  nothing  whatever ti)  th>  with 
inertia.  It  muh  first  nsiil  in  this  oinnii-tion  Utiiiise  the  sum  ia 
very  similar  to  cerliiin  other  snms  wliicti  hud  jin-vioiisly  Ufn 
calle*)  moments  of  im-rtia. 

51.  I'nit  of  Moment  of  Inertia.  The  prinhiet  (area  ■  difl. 
tance' I  is  natlv  tlie|>r><ilnei  of  four  h-nirlli!',  two  in  eaeh  faetor  ; 
an<)  since  a  iimmi'nt  of  inertia  is  the  >iim  of  sueli  pnahiets,  a 
moment  of  itiertiii  is  n\>n  ihe  [.ro.lni-1  of  fuwr  len;;lhs.  Now  the 
pro-iuet  of  two  leni;ths  is  an  urea,  the  pnslnel  of  thnt'  in  a  vol. 
ume,  and  tho  product  uf  four  id  moment  of  im-rtia — uiilbiakaUe  in 
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the  way  in  which  we  can  think  of  an  area  or  volume,  and  there- 
fore the  source  of  much  difficulty  to  the  student.  The  units  of 
these  quantities  (area,  volume,  and  moment  of  inertia)  are  respec- 
tively: 

the  square  inch,  square  foot,  etc., 

"   cubic       "   ,  cubic      "       "  , 

"   biquadratic  inch,  biquadratic  foot,  etc.; 

but  the  biquadratic  inch  is  almost  exclusively  used  in  this  connec- 
tion; that  is,  the  inch  is  used  to  compute 
^ I  values  of  moments  of  inertia,  as  in  the  pre- 

ceding illustration.      It  is  often   written 


7 

CM 


I J  T      thus:  Inches*. 

^  52.    Moment  of  Inertia  of  a  Rectangle. 

^x\B i.     Let  b  denote  the  base  of  a  rectangle,  and  a 

Pig  28.  ^^8  altitude;  then  by  higher  mathematics  it 

can  be  shown  that  the  moment  of  inertia 
of  the  rectangle  with  respect  to  a  line  through  its  center  of  gravity 
and  parallel  to  its  base,  is  -^j  Ja^ 

Example.  Compute  the  value  of  the  moment  of  inertia  of 
a  rectangle  4x12  inches  with  respect  to  a  line  through  its  center 
of  gravity  and  parallel  to  the  long  side. 

Here  J =12,  and  «  =  4  inches  ;  hence  the  moment  of  inertia 
desired  equals 

-jV(12x4^)=64  inches*. 

EXAnPLE  FOR  PRACTICE. 

1.  Compute  the  moment  of  inertia  of  a  rectangle  4x12 
inches  with  respect  to  a  line  through  its  center  of  gravity  and 
parallel  to  the  short  side.  Ans.     576  inchest 

53.  Reduction  Formula.  In  the  previously  mentioned 
"handbooks"  there  can  be  found  tables  of  moments  of  inertia  of 
all  the  cross-sections  of  the  kinds  and  sizes  of  rolled  shapes  made. 
The  inertia-axes  in  those  tables  are  always  taken  through  the  cen- 
ter of  gravity  of  the  section,  and  usually  parallel  to  some  edge  of 
the  section.  Sometimes  it  is  necessary  to  compute  the  moment  of 
inertia  of  a  "rolled  section"  with  respect  to  some  other  axis,  and 
if  the  two  axes  (that  is,  the  one  given  in  the  tables,  and  the  other) 
are  parallel,  then  the  desired  moment  of  inertia  can  be  easily  com- 
puted from  the  one  given  in  the  tables  by  the  following  rule: 
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77*^?  momtnf  of  imrtla  of  tin  ana  \rith  nnpt^rt  to  any  axis 
equals  the  montt  nt  of  in*  rtla  trith  rmpect  to  a  fmrallel  axis 
thrtHnjh  the  ctnttr  of  (jntv'tty^  jJum  thf  jtroilurt  itf  the  area  and 
the  Hi^nare  of  the  (fiMtan^'e  tut  men  th*  aX'H, 

Or,  if  I  denotcrt  the  moment  of  inertia  with  rt»8pt^t  to  any  axis; 
I  the  moment  of  inertia  with  rt»«|)i»ct  to  a  {Mirallel  axis  through 
thecenter  of  ^^vity;  A  tlie  area;  and  </  the  ('-stanci*  lK»twtH?n  the 
axes,  then 

I   - 1    !  \iP (5) 

Kjynnjtle.  It  irt  rtMjnire<l  to  compute  the  moment  of  inertia 
of  a  ni'tanj^le  2  X  S  inches  with  n»t*|Hvt  to  a  line  {MiralKd  to  the 
lonj;  Fide  ami  4  inehes  from  the  eenter  of  j^ravity. 

Ix*t  I  denote  the  moment  t»f  inertia  sought,  and  I    tlie  moment 
of  inertia  of  the  rtrtangle  with  resjH»ct 
to  a   line  |uirallel   to  the  long  side  and 
through  the  ctMiter  of  gravity  (st^e  Fig. 
28).     Then 

I       ^\fHt^  (81*1^  Art.  52);  and,  ^"^^. 

since  A-   S  inchen  ami  a     2  inehen, 

I^=  i'j(S  >  2')-    r)t    hiijuudratie    inehes. 

Tlie  distance  U'tween  the  two  inertia, 
axes  is  4  inehen,  and  the  area  of  the 
nxrtangh*  in  I*>  wpiare  inches,  hence 
equation  5  InnMimes 


4" 


o 


\ 


Y- 


i 


Fijf.  20. 
I      5.\+I»»  -   I*     2rill   hiijuadratic  inches. 

EXAMPLE  FOR  PRACTICE. 

1.  The  moment  of  inrrtia  of  an  »*angle*'  2A  ■  2vJ  inchea 
(lengths  <»f  sidi'S  and  w  idlh  resp*H'tivrly )  uith  resjuvt  to  aline 
through  llie  center  of  gni\  ity  and  juinillel  to  the  hnig  side,  is  0.t»4 
inches*.  Tin*  ar«»u  of  thi*  sectii>n  is  2  H«|uare  in<'hes,  and  the  dis- 
tance from  the  cnitrr  of  gravity  t<»  the  long  sidf  is  {)Xu\  inches. 
^^Tliese  valufs  are  takrii  from  a  *d»!4ndlMn»k'\  )  It  is  nN|ninHl  to 
computi*  the  monu*nt  of  iinTtia  t»f  th«*  s«H'tion  with  res|«vt  to  a 
line  iiarallel  to  tht*  loni/  hidf  ami  4  inches  from  the  ct*nt(*r  of 
gravity.  Ans.     \ViA\\  inches*. 

54.  Moment  of  Inertia  of  Built-up  Sections.  As  l^fure 
•tatedy  l)eams  are  sometimes  '*built  up''  of  rolled  ihapea  (ancflea. 
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channels,  etc.).  The  moment  of  inertia  of  such  a  section  with 
respect  to  a  definite  axis  is  computed  by  adding  the  moments  of 
inertia  of  the  parts,  all  with,  respect  to  that  same  axis.  This  is  the 
method  for  computing  the  moment  of  any  area  which  can  be 
divided  into  simple  parts. 

The  moment  of  inertia  of  an  area  which  may  be  regarded  as 
consisting  of  a  larger  area  fni?ius  other  areas,  is  computed  by  sub- 
tracting from  the  moment  of  inertia  of  the  large  area  those  of  the 
"minus  areas." 

Examples.  1.  Compute  the  moment  of  inertia  of  the  built- 
up  section  represented  in  Fig.  30  (in  part  same  as  Fig.  25)  with 
respect  to  a  horizontal  axis 

passing  through  the  center  f  Jf" a( 

of  gravity,  it  being  given  ^"j[^\^^^^^[       1^ 

that  the  moment  of  inertia 

of   each    channel    section 

with  respect  to  a  horizontal      ^~]i^ 

axis  through  its  center  of 

gravity   is    128.1    inches*, 

and   its   area  6.03  square 

inches. 

The  center  of  gravity  of 
the  whole  section  was  found 

in  the  example  of  Art.  49  to  be  8.80  inches  from  the  bottom  of 
the  section;  hence  the  distances  from  the  inertia-axis  to  the 
centers  of  gravity  of  the  channel  section  and  the  plate  are  2.30 
and   3.95  inches  respectively  (see  Fig.  30). 

The  moment  of  inertia  of  one  channel  section  with  respect  to 
the  axis  AA  (see  equation  5,  Art.  53)  is: 

128.1  +  6.03x2.30^=160.00  inches*. 
The  moment  of  inertia  of  the  plate  section  (rectangle)  with  re- 
spect  to  the  line  a'a"  (see  Art.  52)  is: 

tV  ba'    V2[1^X  (A)']=0.15  inches*; 
and  with  respect  to  the  axis  A  A  (the  area  being  7  square  inches) 

it  is: 

0.15+7X3.95-=109.37  inches*. 

Therefore  the  moment  of  inertia  of  the  whole  section  with  re- 
spect to  A  A  is : 

2x160.00+10937=429,37  inches*. 
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2.  It  irt  m|iiin*<l  to  roinpiit*'  tlit*  inoiiu'iit  t»f  iiuTtiu  of  the 
•♦hollow  nt'taiitxlt* "  <>f  Fij;.  2U  with  n»s|M*<*t  to  n  liiu»  thmiitrh  thn 
ci*iit(*r  of  ^nivity  an«i  |Mnilh*l  to  the  hhort  hi<h*. 

Thi*  amount  of  iiiortia  of  tlu*  lar^i*  rtH'taii^lr  with  rt*8|N.*ct  to 
the  naiiusi  axirt  (kci*  Art.  52)  is: 


B 


TJ 


00 

o 


^ 


3 


IS. 

^  *i.66"      <X 


lb 


Fi»r.  :n. 

ami  th(>  inonu'iit  t>f  iticrtiti  of  tin*  stiiiilli-r  iiii<>  with  n'r>tHt*t  to  ttip 
mine  axil*  iri: 

.>,  d^s')        1703; 

hi*nr(»  till*  rnoii)t*iit  of  inertia  of  th«'  hollow  Motion   with   n*h|M*ot 
to  th(*  axi;)  i^: 

4l«;|        170!|  24»i  ll.rhrH^. 

HXA.MPLHS  FOR  PRACTICE. 

1.  rtiinpiitc*  thi'  inoiiH'iit  of  itiiTtia  of  tho  sivtioii  n*|in*- 
MMiti*ii  in  Fiji.  Ml.*',  alMiiit  tin*  axis  A  A,  it  Inmhi;  3JH  incheii 
from  the  tup.  (iivcti  aUo  that  th«*  arra  nf  om*  atiijlc*  i«f-<*titin  is 
oJKl  Hi|uarf  inrh«*s,  it-*  ct'ntiT  of  irravity  <'  <  Fij/.  'M^^n  l.»»»i  ififhri* 
from  thf  top.  anil  its  moment  of  inertia  with  rc*^|N*(*t  to  th«*  axis '/<i 
17.t»s  ini'h«>*.  Ans.      1 15.^  inohfsV 

2.  i'omputf  tin*  iin»in«Mit  of  iinTtia  «if  tin*  stvtion  of  Fig.  31,<«| 
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with  respect  to  the  axis  BB.  Given  that  distance  of  the  center 
of  gravity  of  one  angle  from  one  side  is  1.66  inches  (see  Fig.  31,&), 
and  its  moment  of  inertia  with  respect  to  hb  17.68  inches. 

Ans.  77.618  inches*. 
55.  Table  of  Centers  of  Gravity  and  rionients  of  Inertia. 
Colnmn  2  in  Table  A  below  gives  the  formula  for  moment  of 
inertia  with  respect  to  the  horizontal  line  through  the  center  of 
gravity.  The  numbers  in  the  third  column  are  explained  in  Ar^. 
62;  and  those  in  the  fourth,  in  Art.  80. 

TABLE  A. 

Moments  of  Inertia,  Section  Moduli,  and  Radii  of  Gyration. 

In  each  case  the  axis  is  horizontal  and  passes  through  the  center  of  grayity. 


Section. 


-31 
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Moment  of 
Inertia. 
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STRENGTH  OF  BEAMS. 

56.  Kinds  of  Loads  Considered.  The  loads  that  are  applied 
to  a  horizontal  beam  are  usually  vertical,  but  sometimes  forces  are 
applied  otherwise  than  at  right  angles  to  beams.  Forces  acting  on 
beams  at  right  angles  are  called  transverse  forces ;  those  applied 


366 


STRENGTH  OF  MATERIALS 


53 


(fc) 

VateM  •!  MMtaM 


TABLE  B. 


(V). 


(c) 


BlflrtDltltrMt 

(M). 


(•>. 


«). 


^m 


■^fr* 


■Mate 


VaP,    11=  PI.   d  =  PI«-K»KL 


r 


T»-1 


0 

XP. 

=KPU 

d  = 

r  IMS+ 

iARI. 

< — 

-IV.-.- 

— 

-+■■- 

^ 

»>  c 


V    l»«*l,     II     Pub -I. 


i 


] 


▼-XP.     M'SPI.    «l    1M^*IICKI. 


W-unifomj  toA^d 


i 


^ 


w 


VoW,  ll=XWl,   d=WlS.i^KL 


5.F 


W-onlfc^  lo».d 


V»S  W,  If  bHWI,  d=SWl>^aM1SL 


i^ 


^ 


o 


^ 


V    P.  M-  P«.  cl    P«  (3lM««)-.-24EI. 


f 


W-tintform  k>^ 


^ 


v^swj  M^iSwi.  a  w»» 


^J 


367 


54  STRENGTH  OF  MATERIALS 

parallel  to  a  beam  are  called  longitudinal  forces ;  and  others  are 
called  inclined  forces.  For  the  present  we  deal  only  with  beams 
subjected  to  transverse  forces  (loads  and  reactions). 

57.    Neutral  Surface,  Neutral  Line,  and  Neutral  Axis.  When 

a  beam  is  loaded  it  may  be  wholly  convex  up  (concave  down),  as  a 
cantilever;  wholly  convex  down  (concave  up),  as  a  simple  beam 
on  end  supports;  or  partly  convex  up  and  partly  convex  down,  as 
a  simple  beam  with  overhanging  ends,  a  restrained  beam,  or  a  con- 


W 


to 

Fig.  32. 

tinuous  beam.  Two  vertical  parallel  lines  drawn  close  together  on 
the  side  of  a  beam  before  it  is  loaded  will  not  be  parallel  after  it 
is  loaded  and  bent.  If  they  are  on  a  convex-down  portion  of  a 
beam,  they  will  be  closer  at  the  top  and  farther  apart  below  than 
when  drawn  (Fig.  32a),  and  if  they  are  on  a  convex-up  portion, 
they  will  be  closer  below  and  farther  apart  above  than  when  drawn 
(Fig.  32b). 

The  ''  fibres  "  on  the  convex  side  of  a  beam  are  stretched  and 
therefore  under  tension,  while  those  on  the  concave  side  are  short- 
ened and  therefore  under  compression.  Obviously  there  must  be 
some  intermediate  fibres  which  are  neither  stretched  nor  shortened, 
L  e.j  under  neither  tension  nor  compression.  These  make  np 
a  sheet  of  fibres  and  define  a  surface  in  the  beam,  which  surface  is 
called  the  neutral  surface  of  the  beam.  The  intersection  of  the 
neutral  surface  with  either  side  of  the  beam  is  called  the  neutral 
line,  and  its  intersection  with  any  cross-section  of  the  beam  is 
called  the  neutral  axis  of  that  section.  Thus,  if  ab  is  a  fibre  that 
has  been  neither  lengthened  nor  shortened  with  the  bending  of  the 
beam,  then  7in  is  a  portion  of  the  neutral  line  of  the  beam;  and, 
if  Fig.  32c  be  taken  to  represent  a  cross-section  of  the  beam,  NN 
is  the  neutral  axis  of  the  section. 

It  can  be  proved  that  the  neutral  axu  of  any  cross-section  of 
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a  liHiihd  httini  jHiHHrH  thromjh  thi-  r*  ittt  r  *[f  ijittvitij  of  that  nrrtion^ 
providtHl  that  all  the  fonvn  applit^l  to  thu  iK'ani  are  tniii8vers<%  and 
that  the  tennile  and  coinpn^ssive  8tn*sse8  at  the  crosd-Bt^ction  are 
all  within  the  elastic  limit  of  the  material  of  the  Ix'am. 

58.  Kinds  of  Stress  at  a  Cross-section  of  a  Beam.  It  han 
already  bet*n  explained  in  the  prtHHnlin^  article  that  there  are  ten- 
Hile  and  compressive  stresses  in  a  bt*am,  and  that  the  tensions  art* 
on  the  convex  side  of  the  In^am  and  the  compressions  on  the  con- 
cave (stH3  Fi^.  'M).  Tlie  fon'es  T  and  C  art*  exerted  u|)on  the 
portion  of  the  beam  representtnl  by  the  adjoining  ]K)rtioQ  to  the 


FiK-  X^ 

right  (not  shown).   Thest\  the  student  is  rt*mindtHl,art*  oftt*Q  called 
fibre  stresses. 

Bt*sidt*d  the  fihrt^  8trt*sst*s  thert*  is,  in  gtMieral,  a  shearing  stress 
at  every  cn)ss.sei'tion  of  a  lM»am.     This  may  1k»  proved  as  follows: 

V'lfi.  'M  rej)n*sriits  a  simpl<*  lN*am  on  end  sup|K>rts  which  has 
at*tually  Uvn  cut  into  two  |»:irts  as  shown.  The  two  |mrts  i*an 
maintain  loads  whi*n  in  a  horizontal  |M>sition,  if  ftirces  art*  applies! 
at  the  cut  ends  ei|uivalt*nt  to  the  forci^s  that  would  act  there  if  the 
lH*am  W(*n*  not  cut.  Kvidently  in  the  solid  lit*am  there  are  at  the 
st*ction  a  compre^sion  alnivf  and  a  ttMi.sion  Ik*Iow,  and  such  forct*8 
can  Im  applied  in  the  cut  Ushiu  by  mi*ans  of  a  short  bhH*k  (>  and  a 
chain  or  con!  T,  as  shown.  The  bl»K*k  furni}<h<*s  the  compn*ssive 
forces  and  the  chain  tht*  tensile  fonvs.  At  first  si^ht  it  ap|N*ars  as 
if  the  lM*am  would  stand  up  under  its  load  after  the  block  and 
chain  havt*  Invn  put  into  place.  FIxcept  in  tvrtain  castas*,  how. 
ever,  it  would  not  remain  in  a  horizontal  ]>osition,  as  would  the 


*  Wheo  tho  ezternal  Hhear  for  th»  sectioo  is  sero. 


3M 


56 


STRENGTH  OF  MATERIALS 


solid  beam.  This  shows  that  the  forces  exerted  by  the  block  and 
chain  (  horizontal  compression  and  tension  )  are  not  equivalent  to 
the  actual  stresses  in  the  solid  beam.  What  is  needed  is  a  vertical 
force  at  each  cut  end. 

Suppose  that  Kj  is  less  than  L,  + 1^8+ weight  of  A,  i.  e.^  that 
the  external  shear  for  the  section  is  negative;  then,  if  vertical  pulls 
be  applied  at  the  cut  ends,  upward  on  A  and  downward  on  B,  the 
beam  will  stand  under  its  load  and  in  a  horizontal  position,  just  as 
a  solid  beam.  These  pulls  can  be  supplied,  in  the  model  of  the 
beam,  by  means  of  a  cord  S  tied  to  two  brackets  fastened  on  A  and 


Fig.  34. 


Fig.  3& 


B,  as  shown.  In  the  solid  beam  the  two  parts  act  upon  each 
other  directly,  and  the  vertical  forces  are  shearing  stresses,  since 
they  act  in  the  plane  of  the  surfaces  to  which  they  are  applied. 

59.  Relation  Between  the  Stress  at  a  Section  and  the  Loads 
and  Reactions  on  Either  Side  of  It.  Let  Fig.  35  represent  the 
portion  of  a  beam  on  the  left  of  a  section ;  and  let  K,  denote  the 
left  reaction;  L,  and  L2  the  loads;  W  the  weight  of  the  left  part; 

C,  T,  and  S  the  compression,  tension,  and  shear  respectively  which 
the  right  part  exerts  upon  the  left. 

Since  the  part  of  the  beam  here  represented  is  at  rest,  all  the 
forces  exerted  upon  it  are  balanced;  and  when  a  number  of  hori« 
zontal  and  vertical  forces  are  balanced,  then 

1.  The  algebraic  sum  of  the  horizontal  forces  equals  zero. 

2.  "  "  "      "    "    vertical  "  "        " 

3.  "  "  "  "  "  moments  of  all  the  forces  with  respect  to 
any  point  equals  zero. 

To  satisfy  condition  1,  since  the  tension  and  compression  are 

the  only  horizontal  forces,  the  tension  inuM  equal  the  compreHsion . 

To  satisfy  condition  2,  S  (the  internal  shear)  must  equal  the 
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algebraic  sum  of  all  the  other  vertical  forces  on  the  portion,  that 
is,  must  e<{ual  the  external  shear  for  the  section;  also,  S  must  act 
up  or  down  according  as  the  external  shear  is  negative  or  positive. 
In  other  words,  briefly  expressed,  tKs  internal  and  external  aheara 
at  a  section  are  equal  and  opposite. 

To  satisfy  condition  3,  the  algebraic  sum  of  the  moments  of 
the  fibre  stresses  about  the  neutral  axis  must  be  equal  to  the  sum 
of  the  moments  of  all  the  other  forces  acting  on  the  (K)rtion  about 
the  same  line,  and  the  signs  of  those  sums  must  bt»  opposite.  (The 
moment  of  the  shear  alK)ut  the  neutral  axis  is  sero.)  Now,  the 
sum  of  the  momenta  of  the  loads  and  reactions  is  calltnl  the  bend- 
ing moment  at  the  section,  and  if  we  use  the  tenn  resisting  mo- 
ment to  signify  the  sum  of  the  moments  of  the  fibre  stresses  (ten- 
sions  and  compressions)  alxiut  the  neutral  axis,  then  we  may  say 
briefly  that  the  rmlMtinij  and  the  hendimj  nwmente  at  a  section  are 
equal ^  and  the  tiro  vuniunts  are  opjHiHite  in  sign, 

60.  The  Fibre  Stress.  As  before  stated,  the  fibre  stress  is 
not  a  unifonn  one,  that  is,  it  is  not  uniformly  distributed  over  the 
section  on  which  it  acts.  At  any  stH*tion,  the  conipn*ssion  is  most 
**  inteuHe"  (or  the  unitconiprt*8Hive  stn^ss  is  grt^atest)  on  the  con- 
cave side;  the  ti^nsion  is  mont  inti*nsi«  (or  the  unit-tt*n8ile  stress  is 
greatest)  on  the  convex  side;  and  the  unit- com prt^ssive  and  unit- 
tensile  stn»88es  dtvn»a8e  toward  the  neutral  axis,  at  which  plact*  the 
unit-fibre  stress  is  ta^to. 

If  the  fibre  stresses  an>  within  the  elastic  limit,  then  the  two 
straight  lines  on  the  side  of  a  In^am  refemnl  to  in  Art.  57  will  still 
U*  straight  after  the  l)eam  is  U^nt;  hence  the  elongations  and  short- 
enings «)f  the  fibres  vary  <IinH'tly  as  their  dintance  from  the  neutral 
axis.  Since  the  strt*sH4*8  (if  within  the  elastic  limit)  and  deforma- 
tions in  a  given  material  are   pro|K)rtinnaI,  the   unit-jihrc  strtsn 

isints  tin  tht  di-ftftinrf  fiu>itk  tht   luutnil  *ixin. 

\a*X  Fig.  *M\*i  represent  a  |H)rtion  <»f  a  In^iit  l»eam,  3<W  its  cross. 
secli<»n,  uu  the  neutral  line,  and  NN  tlie  nenlrul  axis.  The  way 
in  which  tlie  unit-filire  stress  on  the  scH.*tion  vuries  can  bt»  rep 
ri'senttni  graphically  as  f<»llowH:  Ijiy  off  //**,  by  some  scale,  to 
repres4»nt  the  unit-fibre  stresrt  in  the  top  fibre,  and  join  r  and  n, 
extending  the  lim^  to  the  lowi*r  side  of  the  U^atu ;  also  make  h<f  equal 
to  Ih^  and  draw  n*''.  Then  the  arrows  represtMit  the  unit-fibre 
ttrtftsea  Jor  tbeir  lengtha  vary  as  their  d  is taocee  from  the  neutral  axis- 
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6i.  Value  of  the  Resisting  Moment.  If  S  denotes  the  unit- 
fibre  stress  in  the  fibre  farthest  from  the  neutral  axis  (the  greatest 
unit-fibre  stress  on  the  cross-section),  and  c  the  distance  from  the 
neutral  axis  to  the  remotest  fibre,  while  S„  Sj,  S„  etc.,  denote  the 
univ-fibre  stresses  at  points  whose  distances  from  the  neutral  axis 
are,  respectively,  y^  y^,  yg,  etc.  (see  Fig.  365),  then 

S  :  S,   ::  r  :  y,;  or  S,  =  —  y^ 


Also, 


82=--  2/,;  S3=— 2/3,  etc. 


Let  a„  «„  a„  etc.,  be  the  areas  of  the  cross-sections  of  the  fibres 


6^  13 

Fig.  36. 

whose  distances  from  the  neutral  axis  are,  respectively,  y„  y,,  y,, 

etc.     Then  the  stresses  on  those  fibres  are,  respectively, 

S,  «„  Sj  a.,,  S3  «3,  etc.; 

S  S  S 

or,  --y//p  -y.^2»   -Why  etc. 

C/  G  C 

The  arms  of  these  forces  or  stresses  with  respect  to  the  neutrai  axis 
are,  respectively,  y,,  ?/„  y^,  etc.;  hence  their  moments  are 

^'     ,    S       ,      S 

and  the  sum  of  the  moments  (that  is,  the  resisting  moment)  is 

—^1  2/5  +  —'^  2/2  4-  etc.  =  --{a,  y\  4-  a^  y:,  +  etc.) 

Now  ^,  y;  +  a.,  y\  +  etc.  is  the  sum  of  the  piX)ducts  obtained  by 
multiplying  each  infinitesimal  part  of  the  area  of  the  cross-section 
by  the  square  of  its  distance  from  the  neutral  axis;  hence,  it  is  the 
moment  of  inertia  of  the  cross-section  with  respect  to  the  neutral 

axis.    If  this  moment  is  denoted  by  I,  then  the  value  of  the  resist- 

,  .    SI 
ing  moment  is  — , 
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FART  II. 


STRENGTH  OF  BEAHS— (Concluded). 

6a.     First    Beam    Formula.     Ah   hIiowii    in    tho   preceding 

article,  the  resiKtin^  and  bending  inonienU  for  any  84*c*tion  of  a 

beam  are  tN|uaI;  hence 

SI 

M,  (6) 

all  the  8yn)tK>lH  n^ferrin^  to  the  name  8(H*tion.  This  is  tlie  iiioet 
important  formula  rehitin^  to  U^ams,  and  will  U*  culltHi  the  **  first 
beam  formula/' 

The  ratio  I  :  #*  in  n<»w  (piite  p*nerally  call<*<I  the  aectioa 
modulus.  Observe  that  for  a  |j:iviMi  Ikmihi  it  de|M*ndt)  only  on  the 
dimenHioni>  of  tlie  cross -Si*i*t ion.  and  nttt  on  the  material  or  any- 
thing elat*.  SiiKt*  I  is  the  priMlnci  of  four  lengths  \mh»  article  T)!), 
I  :-  c  is  the  pnxluct  of  thnv;  and  hiMict*  a  s(H*tion  mtMlulus  (*an  be 
exprt»ii«<Hl  in  units  of  volnnn*.  Thecnl>ic  incli  is  practically  alwayti 
umhI;  and  in  this  conniH*tion  it  is  written  thus,  inches'.  S«h»  Table 
A,|iage  .V2»  f(»r  values  of  the  section  m<Miuli  of  a  few  simph*  S4«t*tion8. 

63.  Applications  of  the  First  Beam  f-ormula.  Tht*r(*  are 
thn*e  princi|Mil  applications  of  tM|uation  (>,  \\liic*h  will  now  U*  ei- 
plaine<i  and  illustratiNi. 

64.  /•V/vr/  Aj>jf/tr,ifinn.  T\u*  dimensions  <»f  a  U»am  and  its 
manner  of  loading  and  sup|Kirt  an*  ^ivfti,  and  it  is  r<*<|uin*<i  to 
computi*  the  ^reat«*st  unit  tiMihih*  iuhI  eompn'Ssi\«»  stn»sses  in  the 
lieam. 

This  problem  can  U*  >olvtH|  by  niiMtns  4>f  «N|uation  •»,  written 
in  this  form, 

M  M 

1    *''"l 

Unlt*9s  othiTwisf  htattMJ,  \\r  a^^unM•  tliat  till*  iH'aiU'^  an*  uniform 
in  cn>ss  s«H*ti<in,  «•»  t!if\  u>ii.'illv  an-;  tli«*n  tlu*  s«*4*tion  imnlulus 
(I  :  ')  is  th(*  ^:ltli«*  for  nil  -i^'tions,  and  S  « tin*  nnit-tibre  0trt*ss  on 


S       ■  ■    „r  ,  •  (6) 
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the  remotest  fibre)  varies  just  as  M  varies,  and  is  therefore  greatest 
where  M  is  a  maximum.*  Hence,  to  compute  the  value  of  the 
greatest  unit-fibre  stress  in  a  given  case,  substitute  the  values  of 
the  section  modttlus  and  the  waximu'tn  bending  moment  in  the 
precedijig  equation^  and  reduce. 

If  the  neutral  axis  is  equally  distant  from  the  highest  and  low- 
est  fibres,  then  the  greatest  tensile  and  compressive  unit-stresses 
are  equal,  and  their  value  is  S.  If  the  neutral  axis  is  unequally 
distant  from  the  highest  and  lowest  fibres,  let  c  denote  its  distance 
from  the  nearer  of  the  two,  and  S'  the  unit-fibre  stress  there. 
Then,  since  the  unit-stresses  in  a  cross-section  are  proportional  to 
the  distances  from  the  neutral  axis, 

^r  ==  — 9  or  D  =  — D. 
St?'  G 

If  the  remotest  fibre  is  on  the  convex  side  of  the  beam,  S  is  tensile 
and  S'  compressive;  if  the  remotest  fibre  is  on  the  concave  side,  S 
is  compressive  and  S'  tensile. 

Examples,  1.  A  beam  10  feet  long  is  supported  at  its  ends, 
and  sustains  a  load  of  4,000  pounds  two  feet  from  the  left  end 
(Fig.  37,  a^.  If  the  beam  is  4  X  12  inches  in  cross-section  (the 
long  side  vertical  as  usual),  compute  the  maximum  tensile  and 
compressive  unit-stresses. 

Tlie  section  modulus  of  a  rectangle  whose  base  and  altitude 
are  h  and  a  respectively  (se^  Table  A,  page  52),  is  \ha-^\  hence, 
for  the  beam  under  consideration,  the  modulus  is 

7.    X  4  X  12'-=:Uf)  inchesl 

To  compute  the  niaxiimini  bending  moment,  we  have,  first,  to  find 
the  dangerous  section.  This  section  is  where  the  shear  changes 
sign  (see  article  40);  lienee,  we  liave  to  construct  the  shear  dia- 
gram, or  as  much  thereof  as  is  needed  to  find  where  the  change  of 
sign  occurs.  Therefore  we  need  the  values  of  the  reaction. 
Xeglecting  the  weight  of  the  beam,  the  moment  ecjuation  with 
origin  at  (•  (Fig.  '^T.  c)  is 

R,  >:  10     4.000  >:  s  :.-.  0,  or  K,  =  8,200  pounds 

*  NoTK.     Bocauso  S  is  greatest  in  tho  section  where  M  is  maximum,  this 
section  is  usually  called  the  •'  dan^'erous  section  "  of  the  beam. 
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Then,  oonstructin^  the  aliear  tlia^rHin.  wh  b*^  (Fi^-  '*"''■  '')  ^^^^  *^* 

c^ftn^  of  Bi^n  of  the  Hhcnr  (ahto  t)u>  itaii^n>iii<  eertion)  in  at  the 

loftd.     The  value  of  thw  bending  iiiuiiu-tit  tht-rv  is 

:(,2tH)  X    2  ^    (J,4(Ml  ftK)t.|)ound8, 

or  fi,400  X  12      7)1.K0()  iiich-i)Ound«. 

Suhstitutiii^  in  etjnation  0',  we  tind  that 

7K.S(M)  „  , 

b  ^  -     J  -  =  B(K>  |iuiitiUH  j)tT  H<)iiHn.'  inch, 

400olbs. 
!»— fc'—  ^  —  e' H 


'fSTf 


■i<^(') 


c'(b) 


c"(ci 


Ki«..T7. 
2.     It  iit  <)<'iiin'*l  to  tukf  into  lilt It  tlio  w.-i(.'lit  of  till-  U-aiii 

in  tW  Jini'lllillj;  r\Hlll|l]l-,  pll]i]KH'itl}:  till'  Ih'iiiii  to  lie  WOOtll'll. 
Til,-  vol.1111,,  of  111..  1....T.I   i. 

4  ■  1.; 


anil  >^u|<|>l>^il>^'  tlif  liiiitt-r  to 

bi-iiut  ui-ijjils  ir.o  [■Miii-i'-  iiii 

Thv  left  nm-tk.n.  tlj.r.f.T.  ,  i- 


lm-f.-.-i; 


,  tr.  |H.init|:>  i-T  .iil'io  f.>.>t,  th» 
li.Miii   |i.r.-.l    I.,   the  l.«dl. 
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and  the  shear  diagram  looks  like  Fig.  37,  Cy  the  shear  changing 
sign  at  the  load  as  before.  The  weight  of  the  beam  to  the  left  of 
the  dangerous  section  is  30  pounds;  hence  the  maximum  bending 
moment  equals 

3,275  X    2  -  30  X  1  =    6,520  foot-pounds, 
or  6,520  X  12  =  78,240  inch-pounds. 

Substituting  in  equation  0',  we  find  that 

S  =  —^, —  =^815  pounds  per  square  inch. 

The  weight  of  the  beam  therefore  increases  the  unit-stress  pro- 
duced by  the  load  at  the  dangerous  section  by  15  pounds  per 
square  inch. 

3.     A  T-bar  (see  I'ig.  38)  8  feet  long  and  supported  at  each 
I  nr    ^i^d,    bears   a  uniform   load    of    1,2(K) 

S  -Kj  pounds.     The  moment  of  inertia  of  its 

T       cross-section  with   respect  to   the  neu- 

^       tral  axis   being  2.42   inches*,  compute 

cvi       the  maximum  tensile  and  compressive 

-*-     unit-stresses  in  the  beam 


N 


^^'     '  Evidently    the    dangerous    section 

is  in  the  middle,  and  the  value  of  the  maximum  bending  moment 
(see  Table  B,  page  53,  Part  I)  is  J  AV/,  AV  and  I  denoting  the  load 
and  length  respectively.     Here 

S"  ^^^  "^  '8'  ^  ^''^^^^^  X  S  -^  1,:2(K)  foot-pounds, 

or  1,200  X  12    -  14,400  inch-pounds. 

The  section  modulus  (Mjuals  2.42  -:-  2.2>^  -    l.Ot);  hence 

,       14,400       ^_   ^ 
^^       -  1  iiTT-  ^^  13,585  ])ounds  per  S(juare  inch. 

This  is  the  unit-fil)re  stress  on  tlie  lowest  fil)re  at  the  middle  sec- 
tion,  and  hence  is  tensile.  On  the  highest  fibre  at  the  middle 
section  the  unit-stress  is  compressive,  and  equals  (see  page  00): 

^   =^  -  -  S  =  ^^  —  >:  1;5,585  -^  4,2U0  ])ounds  per  square  inch. 
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EXAMPLES  FOR  PRACTICE. 

1.  A  lH»ain  12  ftvt  loiiir  uihI  i\  *  12  iuv\wh  in  rross-iki'tion 
wMa  on  end  HUp|><>rtH,  hikI  sustuiiis  a  I(Mid  of  ^^<NH)  |M>un(iH  in  the 
aiiddle.  Coinputo  the  prratfst  tensile  and  coinprfssivo  unit- 
stressed  in  the  InMini,  ne^hvtin^  the  w«MVht  of  the  U^ani. 

An?*.     7oO  |M)un<lrt  |K*r  nquan^  inch. 

2.  Solve  tlie  |ireee<linjx  example  taking  int<i  acrount  the 
weight  of  the  lH»aMi,  ^i<M)  |MMin<ls 

Ans.     7^7.5  (M>un<i8  {kt  H<juan»  inch. 

3.  Supi'OM*  that  a  huilt  in  cantilever  projectrt  o  ftvt  from  the 

wall  and  sn>tjuns  an  end  h»ad  of  2oH  |H)un«ls.     The  cross  stH't ion  of 

the  cantilever  lH*inj;  n»pre>ent«Ml  in  Kij^.  ^{^,  compnte  the  ^*ate8t 

tensile  and  conipn'>sive  nnit  stresses,  and  ti*ll  at  wliat   places  they 

occur.       (  Ni*t:le<'t  the  weii/ht.  I 

\  Ti*nsih\  4,471  iKumds  iK*r  s<niare  inch. 

.\ns 

f  ronipn»ssivf,  14,160        ♦»  ♦•        »•  ♦• 

4.  Compnte  tile  ^reatr«»l  tensile  and  coinpre>siv«' nnit  stresses 
in  the  lM*am  of  V\*^.  I'^,*/.tlnr  to  the  hwids  and  the  weijjht  of  lN*am 
«  4<M>  |HHintls).  {\  moment  tlia«:ram  is  repreM*nt«Ml  in  Fi^.  l^,  A; 
for  <h*seription  sre  e\;imple  *j.  Art.  41.  p.  .'{'♦.)  The  stH*tion  of 
the  lH*am  is  a  reetaiitde  ^    •     1  -  inelies. 

Ati>.     o^n  jMitinds  [K*r  Mpian*  inch. 

r».  Compntf  the  t^'reate>t  trn-ileand  cMimpres>ive  unit  stn*ss4»s 
in  til*'  cantilever  iM-am  nf  V\)S'  !•*.  '',  it  InMnj^  a  .Ht«»el  I-U^am  \ihos<» 
Section  nHMJnln-*  i--  *.*'•.!  inelio'.  i  A  InMidinj^  moment  ^lia^nim  for 
it  ir-  repre>entf<l  ill  1' i;:.  l'.»,  A;  for  deMTipli<»n,  h«v  F.\.  ."i,  .\rt.  44.) 

All-.      ll.FiO  immmhU  [N*r  s«juart»  inch. 

•  ».  t  oiiipnte  the  j/reate-t  ten'^ile  and  eompre>>ive  unit •^trt*^ses 
in  tin*  hrnm  of  I  \*j,  1'*.  ni'tjl«M*tiii:/  its  writ^'lit.  tin*  cro^s.s<vli<lns 
Umii^  n*i*tai.»ju!:ir  ♦'•  \'l  incht--.  •  S«f  ixample  for  prai*tice  1, 
Art.  4:i.  > 

All-.     'itNi  |Miuitd-  [tt-r  Mjuare  inch, 

65.  >/!*'//#/  Aff'l »'  ittf'it.  riir  dim«*ii>ioim  and  the  wtirk- 
in|^  hlreiij^'lliH  (if  a  In-am  are  «^n\rii,  and  it  i^  rtMinin**!  to  determine 
its  haft*  Itiail  ( the  maiiiirr  of  applieatiMii   U-iiij/  j;i\«*n  '. 

I  hi"*  problem  <*an  Ih»  >o1\im|  |i\  nn*ah-  «»f  «*iination  •»  written 
in  this  form, 

^l 
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We  substitute  for  S  the  given  working  strength  for  the  ma- 
terial of  the  beam,  and  for  I  and  c  their  values  as  computed  from 
the  given  dimensions  of  the  cross -section;  then  reduce,  thus 
obtaining  the  value  of  the  safe  resisting  moment  of  the  beam, 
which  equals  the  greatest  safe  bending  moment  that  the  beam  can 
stand.  We  next  compute  the  value  of  the  maximum  bending 
moment  in  terms  of  the  unknown  load;  equate  this  to  the  value 
of  the  resisting  moment  previously  found;  and  solve  for  the 
unknown  load. 

In  cast  iron,  the  tensile  and  compressive  strengths  are  very 
different;  and  the  smaller  (the  tensile)  should  always  be  used  if 
the  neutral  surface  of  the  beam  is  midway  between  the  top  and 
bottom  of  the  beam;  but  if  it  is  unequally  distant  from  the  top 
and  bottom,  proceed  as  in  example  4,  following. 

Examples.  1.  A  wooden  beam  12  feet  long  and  6  X  12 
inches  in  cross-section  rests  on  end  supports.  If  its  working 
strength  is  800  pounds  per  square  inch,  how  large  a  load  uniformly 
distributed  can  it  sustain  ? 

The  section  modulus  is  \h(r^  h  and  a  denoting  the  base  and 
altitude  of  the  section  (see  Table  A,  page  52);  and  here 

A  W  --  i-  X  0  X  12^  =-  144  inches\ 

Hence  ^  —  =  800  X  144  =  115,200  inch-pounds. 

For  a  beam  on  end  supports  and  sustaining  a  uniform  load,  the 
niaxinnun  bending  moment  equals  JW/  (see  Table  B,  page  55), 
W  denoting  the  sum  of  tlie  load  and  weight  of  beam,  and  I  the 
length.     If  W  is  expressed  in  pounds,  then 

—  W/  r^  -;  W  X  12  foot-pounds  ^  -    W  X  144  incli -pounds. 

Hence,  ecjuating  tl>«a  two  values  of  maximum  bending  moment 
and  the  safe  resistintr  moment,  we  iXft 

■  W  X   144  --  11 5, •.>()<); 

.^         115,200  X  8 
or,  \ V  =    —     \x\ "^  <>,400  pounds. 
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Tlie  safe  load  for  the  lieaiu  in  r>,4<Nl  |K>utidH  minus  the  weight  of 
the  )>eaiii. 

'J.  A  Hteel  Ibeaii)  wiiOHi*  miction  iiioduliirt  in  20.4  inches* 
reuta  <m  end  HU|>|K>rt8  lo  ftvt  a|«irt.  Ne^ltn-ting  the  weight  of  the 
bt*ani,  how  hirp«  a  h>ad  may  Ik*  placMnl  u|M>n  it  5  fcvt  from  one  end, 
if  the  working  HtriMigth  in  ir),<NN)  (Kiundn  |ier  84|uan*  inchf 

Tile  safe  renit^ting  moment  id 

SI 

lti,(MM)    .    2iU        ;«r>,4iH)  im-h.|H>und«; 


c 


hence  the  InMiding  moment  must  not  excet*d  that  value.  The 
dangerouH  motion  iH  under  the  loa<l;  and  if  P  denotes  the  unknown 
value  of  the  load  in  |M>unds,  the  nuiximum  moment  (see  Tahle  fi, 
jiage  Iy\,  Part  I)  equals  |j  V  •  o  f(M>t{N>undrt,  or  §  V  •  t>0  inch- 
|iounds.  F^iuating  values  nf  InMiding  and  n*sisting  momenta, 
we  get 


•) 


or. 


^'' 


I 


\\,      In   the    |»rfciHlihg  e\am|»le,    it    is   requinHl    to   takt*  into 
m*count  the  weight  of  the  lK*am.  .'(To  |N»uuds. 


icy 


R 


\A^-375lto5. 


lMir.  »♦. 


>. 


As  W(*  do  n«»t  know  tlifNaluf  of  tht*  Hifi*  huid,  wt*  cannot  con- 
struct tilt*  '<li«*:ir  diatjiKni  and  tliiM  dftiTiniiit*  wIhti*  thf  daiigt*roUB 
Hcclion  i-.  r»ut  ill  ca-i-"  liki*  tlii^',  wlMif  tlif  ili-trihuti**!  h»a<l  (the 
weight!  i-*  -im:i!1  «'niii[i:u«il  with  tin*  <'i»n«'«iitrat«*<l  I«»:id,  the  <lan- 
grrous  M-«*tit»n  \^  i»ra<ti«*;illv  aiuav*'  \\ir»j««  it  i**  inid«'r  tin*  ctiiKvn- 
trati*<l  loail  aloin-;  in  tlii**  «m^«-.  at  tin*  load.  Tin*  rt-ai-tinnH  due  to 
tin*  weitjht  etjual   *  ."C*  I'^T.ri;  ai>'l  tin*  p-ai'tions  iliie  to  the 

load  i*<|ual   \   V  and  .*•   1*,  I*  •liii«»ti!ij^   tin-   \aliit*  of  thr   haij.      The 
larger  reaction    K     (Kig.  •^•*)   In-nce  «»ijualii  jj  1*    •    IhT.o.     Since 
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the  weight  of  the  beam  per  foot  is  375  -^-  15  =  25  pounds,  the 
maximum  bending  moment  (at  the  load)  equals 

(  |p  +  187.5)  5 -(25  X  5)2J  = 

^  P  +  937.5  -  312.5  =  ^  P  +  625. 

This  is  in  foot-pounds  if  P  is  in  pounds. 

The  safe  resisting  moment  is  the  same  as  in  the  preceding 
illustration,  326,400  inch-pounds;  hence 

("Y  P  +  625)  12  =  326,400. 
Solving  for  P,  we  have 

^0  P  +  625  =-326,400 


3 


12 


or 


10  P  +  625  X  3  =  ^^^'^^^^  ^  ^  =  81,600; 

10  P  =  79,725; 

P  =  7,972.5  pounds. 

It  remains  to  test  our  assumption  that  the  dangerous  section 
is  at  the  load.  This  can  be  done  by  computing  li,  (with  P  = 
7,972.5),  constructing  the  shear  diagram,  and  noting  where  the 
shear  changes  sign.  It  will  be  found  that  the  shear  changes  sign 
at  the  load,  thus  verifying  the  assumption. 

4.  A  cast-iron  built-in  cantilever  beam  projects  S  feet  from 
the    wall.     Its    cross-section    is  represented  in   Fig.  40,  and    the 

moment  of  inertia  with  respect  to 
the  neutral  axis  is  50  inches*;  the 
workintr  strentrths  in  tension  and 
compression  are  2,000  and  9,000 
])0unds  })er  S(juare  inch  respect- 
ively. ('om})ute  the  safe  uniform 
load  which  the  beam  can  sustain, 
neirlectincT  the  weifjbt  of  the  beam. 

The  beam  being  convex  up,  the  up])er  fibres  are  in  tension 
and  the  lower  in  compression.  The  resisting  moment  (SI  -^  c), 
as  determined  by  the  compressive  strength,  is 


N 


-N 


in 
cvi 


Fif?.  40. 
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,  ^  -     KHMHH)  inchiHinnuB; 

4.5  ' 

and  the  n*8i8tin^  iiiomrnt,  us  doU^rmiiUHl  hy  the  tensile  Btrength,  is 

2,000  \   50 

,j  .  -     40.WH)  incn.|)oun(l«. 

Henci*  the  snfe  resisting  moment  is  the  lesser  of  these  two,  or 
4<M^)0  inch-|M>uiHls.  The  (tun^^rou^  stvtion  is  at  the  wall  (see 
Table  H,  |»age  r>:i ),  and  the  value  of  the  maximum  l)ending 
moment  is  A  W/,  W  drnotin^  the  loa<I  and  /  the  len^h.  If  W  is 
in  ptmnds,  th<»n 

MAW    •    s  f(M>t|KUinds        A  W    ».  \H\  inch-pounds. 

K(]nating  U^ndin^  and  rt*sistiii^  moments,  we  have 

I 


.» 


W    .    \H\        40,000; 


40,(HM>  y  2 
or,  \\         --    -.-. ^M){  iKiunds. 

BXAMPLBS  HOR   PRACTICH. 

1.  An  *<  •  >^ineh  timUT  projivls  s  ftvt  from  a  wall.  If  its 
working  stn*ngth  is  IJNN)  |N»unds  |N*r  s(]uare  ineli,  liow  large  an 
end  load  can  it  safelv  (^n^tain  i 

Ans.     S1H1  |K>unds. 

2.  .\  lM»am  12  fifi  long  imd  ^  •  U»  inches  in  cross.s<»ction, 
on  «*nd  su|i|M»rts,  hU^tainr«  two  loiids  I\  fucli  .'{  feet  from  its  ends 
n»s|nH'tivfly.  The  working  htn^igth  U'lng  1,(MM»  |H>unds  per  square 
inch,  com|iut«*  I*  i  stf  Tiihle  H,  |M4ge  'h\\ 

.\ns.     IMSO  |M>unds. 

.*{.  An  I  U-ani  Ufi^diing  25  |Miuiid<*  |ier  fiM»t  re^ts  on  end 
sui>|K>rts  20  ftt't  ii|»:irt.  It>  s<*<*tion  nio<iulus  is  20.1  inrhes',  and 
its  working  htren^/th  l(iJNN)  |Miunds  |N*r  M|uart*  ineh.  Compute 
the  saf«*  nnif«»rni  load  uhi<*h  it  <*aii  ^u^taiIl. 

An?..      lO.^SO  jM)unds- 

66.  Iftini  Aj'j'l i"ift"n .  Tlif  IoimU,  manner  of  supiiort, 
and  uorkiiig  ^trl*n^th  of  U^aiii  an*  glM-n.  and  it  is  ri'i|uir«M|  to  de- 
termini*  tin*  ^i/.t*  of  <to«»?«  ^iN'tion  ntft>-arv  to  ^•u^tain  ihr  load 
safelv*  that  is,  to  ••design  thr  Umiiii  " 
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To  solve  this  problem,  we  use  the  first  beam  formula  (equatioD 
6),  written  in  this  form, 

2  _M.  (6'") 

c?    ""  s 

We  first  determine  the  maximum  bending  moment,  and  then  sub- 
stitute its  value  for  M,  and  the  working  strength  for  S.  Then  we 
have  the  value  of  the  section  modulus  (I  -?-<?)  of  the  required 
beam.  Many  cross-sections  can  be  designed,  all  having  a  given 
section  modulus.  Which  one  is  to  be  selected  as  most  suitable  will 
depend  on  the  circumstances  attending  the  use  of  the  beam  and 
on  considerations  of  economy. 

Examples,  1.  A  timber  beam  is  to  be  used  for  sustaining 
a  uniform  load  of  1,500  pounds,  the  distance  between  the  supports 
being  20  feet.  If  the  working  strength  of  the  timber  is  1,000  pounds 
per  square  inch,  what  is  the  necessary  size  of  cross-section  ? 

The  dangerous  section  is  at  the  middle  of  the  beam ;  and  the 
maximum  bending  moment  (see  Table  B,  page  53)  is 

-^WZ  =  -i-  X  1,500  X  20  =  3,750  foot-pounds, 
or  3,750  X  12  =  45,000  inch-pounds. 

Hence  —    =^  -t-tttwv  =  45  inches^ 

r  1,1  HH) 

Now  the  section  modulus  of    a  rectangle    is   ^Ini^  (see  Table  A, 

page  54,  Part  I);  therefore,  \hir  --  45,  or  bir  =  270. 

Any  wooden  beam  (safe  strength  1,000  pounds  per  square 
inch)  whose  bread tli  times  its  de[)th  scjuare  equals  or  exceeds  270, 
is  strong  enougli  to  sustain  the  load  specified,  1,500  pounds. 

To  determine  a  size,  we  may  choose  any  value  for  h  or  rtr,  and 
solve  the  last  ecjuation  for  tlie  unknown  dimension.  It  is  best, 
however,  to  select  a  value  of  tlie  breadth,  as  1,  2,  3,  or  4  inches, 
and  solve  for  a.     Thus,  if  we  try  h  ■-     1  inch,  we  have 

ir  :  :  270,  or  (I  --  -  IT). 43  inelies. 
This  would   mean  a  l)()ar(l   1   ^■;   IS   inches,  wliich,  if  used,  would 
have  to  be  suj)porte(l   sidew  ise  so  as  to  |)revent  it  from   tipping  or 
'*  bueklino;/'     Ordinarilv,  tliis  would   not  ])e  a  good  size. 

Next  try  h  --  2  inelies;  we  have 
2  X  a'  r_.  270;  or  u  -  -  \    'iW-^'l   --  11.62  inches. 
This  would  re(juire  a  ])lank  2  X  12,  a  better  proportion  than  the 
first.     Trying  h  =z  3  inches,  we  have 
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3  X  </*  ^=  27i);  or  ^r     ^  i    270    :    .i      ^  l>.4t>  inches. 

This  would  n*i]uire  a  plank  3  X  10  incluM;  and  a  choice  l)etween 
a  2  X  12  and  a  'A  X  10  plank  would  lie  govcrnc<t  hy  circumfltancee 
in  the  case  of  an  actual  conntruction. 

It  will  U^  notictnl  that  wo  have  negltvttMl  the  weight  of  the 
Itearn.  Sinc*e  the  diinennionrt  of  WiMxitMi  beams  are  not  fractional, 
and  we  have  to  sehvt  a  coinnit*n*ial  size  next  larger  than  tha  one 
coniputeil  (^12  inches  inr^tead  of  ll.r>2  inches,  for  example),  the 
additional  depth  is  usually  sutlicitMit  to  provi<li*  stn^ngth  for  the 
weight  of  the  U^am.  If  there  is  any  doubt  in  the  matter,  we  can 
settle  it  by  computing  the  maximum  lH*nding  m<mient  including 
the  weight  of  theU^am,  and  then  computing  the  greatest  uni^-fibre 
stress  due  to  l<m<i  anti  weight.  If  this  is  li*ss  than  the  safe  strength, 
the  section  is  largi»  enough;  if  greater,  the  section  is  t(M>  small. 

Tlius,  let  us  <lctermine  whether  the  2  -:  12-inch  plank  is 
strong  enough  to  sustain  the  loatt  an«l  its  own  wtMght.  The  plank 
will  weigh  aUuit  120  |K>unds,  making  a  total  load  of 

l,r)<M)    i-  120     -  1,1520  |Kmnds. 
Hence  the  maximum  InMiding  moment  is 

^  W/       — 1,»'»20  .   20   .    12        4s,t;(M)  inrh-|K)unds. 

Since        -  ..   /-/•        I"    -    '    12'        4^,  and  S    -  j— . 

4^,♦»<M> 
^^      -         .     -  l.t>lM  |>ouiids  j>er  s<|uare  inch. 

Strictly,  then»f«)re,  the  2  •  12  inch  plank  is  not  large  enough;  but 
as  tin*  grt*atest  uiiitstr(*ss  in  it  wouhl  Ik*  onlv  l-{  iHiuiids  tier  s^iuare 
inch  t«M)  large,  its  us<»  would  U»  |MTmi>>iMe. 

2.  What  >ize  of  sle<'l  I  U'am  is  nee<liM|  to  sustain  saft*lv  the 
loailing  of  Kig.  l»  if  the  >aft»  -tren^rth  of  the  r^Uf]  is  iri,(MM>  iMiunds 
per  S4|uare  inch  f 

The  maximum  inMidiii!^  inonieiit  due  to  tli«*  huids  was  found 
in  example  1,  Art.  i3,  t«»  Ik»  s,>(mi  fo<»t  |k)uimU,  or  *^.^00  .  12  -=s 
lOo.tMM)  inch  |Hiuiids. 

I  l(C»,r,<M> 

Hence  ...  ^uu.        •*•*'  inilies*. 

That  ij»,  an  I  I  wain  i«<  iieiHlinl  wlio^e  *»«»<*tioii  inoilulus  is  a  little 
larger  than  ♦S.tl,   to  provide  ^t^eh^th  for  it-  nwn  weight. 
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To  select  a  size,  we  need  a  descriptive  table  of  I-beams,  each 
as  is  published  in  handbooks  on  structural  steel. 

Below  is  an  abridged  copy  of  such  a  table.  (The  last  two  columns  con- 
tain information  for  use  later.)  The  figure  illustrates  a  cross-section  of  an 
I-beam,  and  shows  the  axes  referred  to  in  the  table. 

It  will  be  noticed  that  two  sizes  are  given  for  each  depth; 
these  are  the  lightest  and  heaviest  of  each  size  that  are  made,  but 
intermediate  sizes  can  be  secured.  In  column  5  we  find  7.3  as  the 
next  larger  section  modulus  than  the  one  required  (6.6);  and  tnis 
corresponds  to  a  12| -pound  6-inch  I-beam,  which  is  probably  the 
proper  size.  To  ascertain  whether  the  excess  (7.3-6.6  =  0.70) 
in  the  section  modulus  is  sufiicient  to  provide  for  the  weight  of  the 
beam,  we  might  proceed  as  in  example  1.  In  this  case,  however, 
the  excess  is  quite  large,  and  the  beam  selected  is  doubtless  safe. 

TABLE  C. 
Properties  of  Standard  l-Beams 

•; 

i! 

Section  of  boam,  showing  axes  1-1  and  2-2. 


Depth  of 

Beam, 
in  inches. 

3 

3 

4 

4 

5 

5 

6 

6 

7 

7 

8 

8 

9 

9 
10 
10 
12 
12 
15 
15 
18 
18 
20 
20 
24 
24 


We%ht 

per  foot, 

in  pounds. 


5.50 
7.50 
7.50 
10.50 
9.75 
14.75 
12.25 
17.25 
15.00 
20.00 
18.00 
25.25 
21.00 
35.a) 
25.00 
40.(X) 
31.50 
40.00 
42.00 
6().CX) 
55.U) 
70.00 
65.(K) 
75.a) 
80.0l> 
1(X.).U) 


3 

4 

5 

6 

Area  of  cross- 

Moment  of 

Section 

Moment  of 

section,  in 

inertia. 

modulus 

inertia, 
axis  S — 2. 

!<iuare  inches. 

axis  1  - 1. 

axis  1—1. 

i.a3 

2.5 

1.7 

0.46 

2.21 

2.9 

1.9 

.60 

2.21 

6.0 

3.0 

.77 

3.0i) 

7.1 

3.6 

1.01 

2.87 

12.1 

4.8 

1.23 

4.34 

15.1 

6.1 

1.70 

3.61 

21.8 

7.3 

i.a5 

5.07 

26.2 

8.7 

236 

4.42 

36.2 

10.4 

2.67 

5.88 

42.2 

12.1 

3.24 

5.33 

56.9 

14.2 

3.78 

7.43 

68.0 

17.0 

4.71 

0.31 

84.9 

18.9 

5.16 

10.29 

111.8 

24.8 

131 

7.37 

122.1 

24.4 

6.89 

11.76 

158.7 

31.7 

9.50 

9.26 

215.8 

36.0 

9.50 

11. 7() 

245.9 

41.0 

10.95 

12.48 

441.8 

58.9 

14.62 

17.65 

5:38.6 

71.8 

18.17 

15.93 

795.6 

88.4 

21.19 

20.59 

921.2 

102.4 

24.62 

19.08 

1,169.5 

117.0 

27.86 

22.06 

1,268.8 

126.9 

30.25 

2.3.32 

2,087.2 

173.9 

42.86 

29.41 

2;379.6 

198.3 

48.55 
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EXAMPLES  FOR  PRACTICE. 

1.  Determine  the  nize  of  h  wootlen  1k»hiu  which  can  Bafelv 
sustain  a  iiiidille  liMui  <>^  2,(HH)  |k»uihIs«  if  the  U^aiii  rest8  on  end 
su|i|iort8  Ui  ftvt  apart,  and  its  working  ntren^th  in  IJHN)  |>ound8 
pt»r  8<]uare  inch.     Assume  wi<lth  ♦»  inehes. 

Ant*.     »)   X    10  inches. 

2.  What  8ize<l  steel  I.lK»am  irt  ninnhMl  to  sirstain  safely  a 
uniform  hmd  of  2(KMNH)  |K)unds,  if  it  rests  on  end  sup|)ort8  10 
feet  a|>art,  and  its  working  strength  is  IfiJKK)  |M>unds  {K*r  s<|uare 
inchf 

A  lis.        <)5-|K)und  24-inch. 

3.  What  siztnl  steel  I)H*am  is  ntn'^hnl  to  sustain  wifely  the 
liMuiing  of  Fig.  10,  if  its  working  strength  is  ir»,(MM)  |N)und8  per 
84]uan*  inch  { 

Ans.     14.75. |M)und  o-inch. 

67.  Laws  of  Strens^th  of  Beams.  The  stn»ngih  i»f  a  beam  is 
nu»asure<I  h\  the  iK^ndini;  moment  that  it  can  safely  withstand;  or, 
since  iK^mling  and  resisting  moments  are  equal,  hy  its  safe  n'sist- 
ing  m(»ment  (SI  :  r),  Ilenct*  the  safe  strenj^h  <»f  a  lH*am  varies 
(  1  )  <lirectly  as  tin*  working  tihre  strength  of  its  material,  and  ("2) 
directly  as  the  sivtion  miMlulus  «»f  its  cross- sect i<»n.  For  iM^ms 
rectangular  in  cross-MH*tion  i  as  u«MMh»n  iH^ams),  the  section  uhmIu- 
lus  is  ^/x/\  f*  and  r/  <leiM>ting  tin*  hreadth  and  altitude  of  the 
n*ctangli'.  Hence  the  ^trength  of  hUrh  U^ams  \aries  alsodire<*tly 
as  the  hreadth.  and  a.n  the  .H<|uare  of  the  depth.  Thus,  doubling 
the  brt*adth  «if  tlit*  section  for  a  nn'tangular  Iw^am  doubles  the 
strength,  but  <ioubliiig  the  df|»tli  (piadrupl«*s  the  strength. 

The  safe  load  that  a  U'ain  ean  hU^tain  varies  dirtH*tly  as  its 
rtitisting  moment,  and  de|N-iid>  on  the  \\a\  in  \\hich  the  load  is 
di8tribut«*<l   and    how   the   U'ain   is  sup|H»rt(*<|.     Thus,  in  the  first 

four  and  lH>t  tN^«»  ea>es  of  the  tai»le  <»ii  ]>iige  »*.">, 
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Therefore  the  safe  load  in  all  cases  varies  inversely  with  the 
length;  and  for  the  different  cases  the  safe  loads  are  as  1,  2,  4,  8, 
8,  and  12  respectively. 

Examjyle,  What  is  the  ratio  of  the  strengths  of  a  plank  2  X 
10  inches  when  placed  edgewise  and  when  placed  flatwise  on  iti 
supports  ? 

When  placed  edgewise,  the  section  modulus  of  the  plank  is 
^  X  2  X  10'  ^-  33J,  and  when  placed  flatwise  it  is  J  X  !(•  X  2*  = 
6|;  hence  its  strengths  in  the  two  positions  are  as  88^  to  6| 
respectively,  or  as  5  to  1. 

EXAMPLE  FOR  PRACTICE, 

What  is  the  ratio  of  the  safe  loads  for  two  beams  of  wood, 
one  being  10  feet  long,  3  X  12  inches  in  section,  and  having  its  load 
in  the  middle;  and  the  otlier  8  feet  long  and  2x8  inches  in  section, 
with  its  load  uniformly  distributed. 

Ans.    As  28.8  to  21.3 

68.  Modulus  of  Rupture.  If  a  beam  is  loaded  to  destmction, 
and  the  value  of  the  bending  moment  for  the  rupture  stage  is 
computed  and  substituted  for  ^1  in  the  formula  SI  -5-  o  =  M,  then 
the  value  of  S  computed  from  tlie  equation  is  the  modulus  off 
rupture  for  the  material  of  the  beam.  ^lany  experiments  have 
been  performed  to  ascertain  the  moduli  of  rupture  for  different 
materials  and  for  different  grades  of  tlie  same  material.  The  fol- 
owing  are  fair  values,  all  in  pounds  j)er  S(|uare  inch: 

TABLE  I). 

Moduli  of  Rupture. 


Henilock 
White  pine.. . 
Long  leaf  i)ine 


Timber: 

Spruce 4.()()()  -  7.00(),  average     5,000 

Ti.....i^,.i,  :j5()(j      7(xk),        '•  4,500 

,.    5.:>(X)  10,5(X),  "          8,000 

, .  imKK)  1().()00,  ''        32,5a) 

Short  leaf  i)ine..  .     S.OOO  \\yV(<\  "         10,000 

J)oiiKlas  si)riice...    -LiKK)  12,000,  "          8.000 

White  oak 7.r)<)0  18,;KH),  ''        13.0CX) 

_ Ked  oak J),(KK)  15,(K)(K     _" 11,500 

Sandstone lOO       L2(K), 

Limestone !     4(K>       1,0(K). 

Ciranite 8(K)       1.400. 

CV/.vf  iron:  One  and  one  half  to  two  and 

!     one  (|uarter  times  its   ulti- 
mate tensile  strength. 

Uard^teel:  \'aries  from  lUMUrto  15(),000 
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Wrought  iron  and  struotuml  Httt*lh  havi*  no  iikmIuIuk  of  ru|i> 
ture,  a8  H|M*i*iiiu*n8  of  thost*  inaU*rialH  \iill  **  ben<l  WoiiMi*/*  but  not 
break.  Tlie  in(Hluhi8  of  ruptun*  of  a  inatrrial  it*  umhI  princifMiII}' 
as  a  ItaaiB  for  dotoriuining  its  working  8trt*n^tb.      Th*  jartor  i>f 

vf  rupture  uf  !tn  utattrial  htj  iht'  tjirafe^f  unit.tfhr*'  ntntis  ui 
the  ht-am. 

69.  The  Resistinf  5hear.  TIu>  shearing  8tn*88  on  a  cro88- 
section  of  a  loadtnl  bt^ni  is  not  a  uniform  stn*88;  that  in,  it  is  not 
uniformly  dintributeil  ovt*r  the  8fc*tion.  In  fact  the  inton8ity  or 
unit-stn*88  is  actually  rcro  on  the  highest  and  lowest  tibrt*8  of  a 
cniss-sei'tion,  and  is  gn^atent,  in  Fuch  ))eam8  an  an*  us^od  in  prai*- 
tice,  on  fihn*s  at  the  neutral  axis.  In  the  following  article  we 
explain  how  to  find  the  maximum  valui*  in  two  ca84*H  casrs  which 
are  practically  im|K>rtant. 

70.  Second  Beam  Formula.  I^t't  S^  denote  th«*  average 
value  of  the  unit-tthi»aring  ntrrss  on  a  cro>sM*cti(»n  of  a  Kmdfd 
bi*am,  ami  A  the  an*a  of  the  crons- station.  Then  the  vahu*  of  the 
whole  nhearing  Htn*88  on  the  Ki*ction  ih  : 

KeniHting  t&hear        S,  A. 

Since  the  n^Hinting  hhc*ar  and  thi*  cxterniil  hlitmr  at  any  htH*tion  (»f  a 
beam  an*  e4|ual  (  Ht*t«  Art.  51* ), 

S.  A        V.  (7) 

This  ij»  calliHt  the  ••  M»cond  U-am  f<»rmula  "      It  in  umhI  to  investi- 
gate and  to  design  f(»r  ^hl*u^  in  Ikmiuis. 

In  U*ams  unift»rm  in  cross  htvt it »n,  A  is  con^tant,  and  S^  ii^ 
gn*atest  in  the  section  for  uliieh  V  is  greatcft.  Hence  the  great 
est  unit-shearing  htre>s  in  a  l<*adeil  Uani  ih  at  the  neutnil  axis  of 
the  hecti<»n  at  uhich  the  rxtemal  r>liear  is  a  niaximuni.  There  in 
a  f(»rmula  for  com  put  inj^  tliir*  niaxiniiiin  \alut*  in  any  ea^*,  l»ut  it 
is  not  simple,  and  we  gi\e  a  himpler  method  fur  computing  the 
value  in  th«*  two  praetieally  im|M>rtant  ea-e-*: 

1.  In  «iHHi«'n  U'lrni-  (rf»-tnui:iiliir  or  f««|iijir»«  in  iti*^**  Mftion  ,  th« 
irrrat«*-t  unit  shrarinK  !^tr«*>s  in  ii-*<«-tion  i**  Trf*  {nt  t-fnt  InrtfiT  than  tht<  ii\friii;f 
valui»  S, 

*J.  In  I  U*ani*<.  nn«I  in  oIIhT'o  «i(!i  a  tliin  vit(i<-ii1  wi-)*.  tin*  trrrattitt 
unit  ••tirariri;  -tn*^  in  a  Mvtinn  iTai-tii  nll>  r«|ual-  S,.  a>*  irtn'n  h\  njuatiun  7 
if  tbf  ar«*a  uf  tlit*  »(*li  it*  ffulw-titutf^l  f«>r  \. 
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Edcamples,  1.  What  is  the  greatest  value  of  the  unit- 
shearing  stress  in  a  wooden  beam  12  feet  long  and  6  X  12  inches  in 
cross-section  when  resting  on  end  supports  and  sustaining  a  uni- 
form load  of  6,400  pounds  ?  (This  is  the  safe  load  as  determined 
by  working  fibre  stress;  see  example  1,  Art.  65.) 

The  maximum  external  shear  equals  one-half  the  load  (see 
Table  B,  page  53),  and  comes  on  the  sections  near  the  supports. 

Since  A  =  6  X  12  =  72  square  inches; 

3  200 
Sg  =  — W9-  =  44  pounds  per  square  inch, 

and  the  greatest  unit-shearing  stress  equals 

3  3 

-^  Sg  =  -^  44  =  66  pounds  per  square  inch* 

Apparently  this  is  very  insignificant;  but  it  is  not  negligible,  as 
is  explained  in  the  next  article. 

2.  A  steel  I-beam  resting  on  end  supports  15  feet  apart 
sustains  a  load  of  8,000  pounds  5  feet  from  one  end.  The  weight 
of  the  beam  is  375  pounds,  and  the  area  of  its  web  section  is  3.2 
square  inches.  (This  is  the  beam  and  load  described  in  examples 
2  and  3,  Art.  65.)    What  is  the  greatest  unit-shearing  stress  ? 

The  maximum  external  shear  occurs  near  the  support  where 
the  reaction  is  the  greater,  and  its  value  equals  that  reaction. 
Calling  that  reaction  R,  and  taking  moments  about  the  other  end 
of  the  beam,  we  have 

R  X  15  -  375  X  '7^  -  8,000  X  10  =  0; 

(^ 

therefore  15  R  =  80,000  +  2,812.5  =  82,812.5; 

or,  R  =  5,520.8  pounds. 

Hence  S,  =     q  0      "^  1,725  pounds  per  square  inch. 

EXAMPLES  FOR  PRACTICE. 

] .  A  wooden  beam  10  feet  long  and  2  X  10  inches  in  cross- 
section  sustains  a  middle  load  of  1,000  pounds.  Neglecting  the 
weicrht  of  the  beam,  compute  the  value  of  the  greatest  unit-shearing 

atress. 

Ans.     37.5  pounds  per  square  inch. 
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2.  Solve  the*  pn^tMlin^  fxainplf  taking  into  Hcoount  tho 
weight  of  tilt*  lH*aiii,  00  |MmtHtti. 

A  fit),     -to  |K)Ufi(lri  |M*r  squan*  im*h. 

3.  A  wooden  Ihmhii  1*-2  ftvt  long  ah<l  4  ■  12  iriclien  inrnws- 
section  enntainM  a  load  of  :MKK)  |K>und8  4  ftvt  from  one  end. 
Ne^lectin^  the  weight  of  the  Umni,  eotn|>nte  the  value  of  the 
greateflt  Hhearin^  unit-stn^HH. 

An8.     <»2.5  {Mmndn  |M*r  scpiare  inch. 

71.  HoriiontJil  5he«r.  It  can  U*  prove^l  that  then*  is  a 
shearing  Ptrenn  on  every  horizontal  Hei*tion  of  a  loadcHl  lieani.  An 
ex|)eriniental  explanation  will  have  to  nntliee  hen*.  Imagine  a 
pile  of  six  iKwntrt  of  etpial  length  HUp|N>rt(*<I  ho  that  th(*y  «lo  not 
U*nd.  If  the  internu*<liate  Hnp|M)rts  are  renioviHl,  they  will  IkMid 
and  their  ends  will  not  Ih*  flush  hut  somewhat  an  repn*8t*ntiHl  in 
Fig.  41.  This  indieates  that  the  iKwrds  slid  over  each  other  during 
the  bending,  and  henre  there  was  a  ruhhing  and  a  frietitnial  rt*- 
sistanee  exertetl  hy  the  iHtants  U|K»n  eaeh  other.  N<iw,  when  a 
solid  lK*ain  is  U'ing  U'tit,  Uien*  id  an  exactly  similar  ttMi«ieiiry  for 
the  horizontal  layers  to  slide  ov(*r  tNirh  otht*r;  a!i«i,  instead  of  a 
frietittnal  resistance,  then*  exists  sht*aring  stress  ihi  all  horizontal 
Motions  of  the  lK*am. 

In  tin*  pile  of  IkwhIs  the  amount  of  slipping  is  ditTt*n*nt  at 
diffen*nt  plae«*rt  U^twcen  any  two  Ink^mls,  Umu^  gn*at«*>t  near  the 
8Up|M)rts  and  zt*ro  midway  U*twt*(*n  them.  AImi,  in  any  cross- 
S4Vtiiui  th«*  slip|iagi«  is  least  lH*tw««en  the  up|»er  two  ami  lower  two 
iNNinls,  an«i  is  gn*at«*st  U'twei-n  the  middle  lw«>.  TlieM*  facts  imli- 
cate  that  the  hhearing  unitstrt*ss  on  hori/^tntal  sc*<*tions  of  a  solid 
U*am   is  greate^t  in  the  neutnil  surface*  at  the  sup|Mirt;*. 

It  can  Ik*  provinl  that  at  any  place  in  a  IxNiin  the  sh(*aring 
unit-8tn*ssi*s  on  a  horiz<»ntal  and  on  a  vertical  S(*i*tion  are  ei|uaL 


Fijf.  41.  Fiir.  42. 

It  foUows  that  the  horizontal  Hhc*aring  unit^tn'ss  is  gn*atest  at  thci 
neutral  axis  of  the  st*i*tion  for  which  the  (*xtc*rn:d  Au*ht  (  V  )  is  a 
maximum.  W<mm1  U^ing  vt*ry  weak  in  hhi*ar  alon^  the  grain, 
timU«r  lK*anis  sometimes  fail  under  bliear,  tin*  **ruptun***  U«ing 
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two  horizontal  cracks  along  the  neutral  surface  somewhat  as  rep- 
resented in  Fig.  42.  It  is  therefore  necessary,  when  dealing  with 
timber  beams,  to  give  due  attention  to  their  strength  as  determined 
by  the  working  strength  of  the  material  in  shear  along  the  grain. 

Example.     A  wooden  beam  3  X  10  inches  in  cross-section 
rests  on  end  supports  and  sustains  a  uniform  load  of  4,000  pounds 
Compute  the  greatest  horizontal  unit-stress  in  the  beam. 

The  maximum  shear  equals  one-halt  the  load  (see  Table  B, 
page  55),  or  2,000  pounds.  Hence,  by  equation  7,  since  A  = 
3  X  10  =  30  square  inches, 

2,000        ^^  2 


s  qri     =  667^-  pounds  per  square  inch. 


S.  = 


This  is  the  average  shearing  uni  -stress  on  the  cross -sections  near 
the  supports;  and  the  greatest  value  equals 

3  2 

—  X  66—  =  100  pounds  per  square  inch. 

According  to  the  foregoing,  this  is  also  the  value  of  the 
greatest  horizontal  shearing  unit-stress.  (If  of  white  pine,  for 
example,  the  beam  would  not  be  regarded  as  safe,  since  the  ulti- 
mate shearing  strength  along  the  grain  of  selected  pine  is  only 
about  400  pounds  per  square  inch.) 

72.  Design  of  Timber  Beams.  In  any  case  we  may  pro- 
ceed as  follows: — [\)  Determine  the  dimensions  of  the  cross- 
section  of  the  beam  from  a  consideration  of  the  fibre  stresses  as 
explained  in  Art.  OG.  (2)  With  dimensions  thus  determined,  com- 
pute  the  value  of  the  greatest  shearing  unit-stress  from  the  formula, 

(ireatest  shear! iiix  unit-stress  =  —  Y  -^  ah, 

where  V  denotes  the  maximum  external  shear  in  the  beam,  and 
h  and  a  the  breadth  and  depth  of  the  cross-section. 

If  the  value  of  the  greatest  shearing  unit-stress  so  computed 
does  not  exceed  the  work!  11  tr  strencrth  in  shear  alont;  the  srrain, 
then  the  dimensions  are  large  enough;  but  if  it  exceeds  that  value, 
then  it  or  />,  or  both,  should  be  increased  until  f  V  -r-  ah  is  less 
than  the  working  strength.  Because  timber  beams  are  very  often 
"season  checked"  (cracked)  along  the  neutral  surface,  it  is  advis- 
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able  to  take  the  working  htrtMi^tli  of  \v(NMlrii  lH*aiii8,  in  Miear  along 
the  grain,  quite  low.  One.t\v<*ntirth  of  the  working  iihre  strength 
has  been  reconiniendtHl'*'  for  all  pine  lK*anitt. 

If  the  working  Htn*ngth  in  hhear  in  taken  iNjual  to  one- 
twentieth  the  working  tibri'  ^'tn*ngth,  then  it  can  In*  phown  tliat, 

1.  For  a  lii^am  on  end  («upportt«  loadotl  in  tho  middle,  the  luifo  hiad  de- 
liondH  on  tho  hh(*arinK  or  Hbrc  htrrnKth  accordinK  %n  the  ratio  of  length  to 
depth  {I  -^  a)  is  I(»m«  or  gn^ater  than  10. 

2.  Kdf  a  U«am  on  end  bUp|Hirti«  uniformly  loaded,  the  safe  load  depends 
on  the  shearing  or  flhre  htr«*ngth  atvordirg  as  /     <i  it*  1<*n«  or  gn>ater  than  Al. 

Kxantjtlf/t,  1.  It  in  re^iuire*!  to  ilet«ign  a  tinil>er  luiiin  to  sus- 
tain loads  as  ri*presi*ntH  in  Fig.  11,  the  working  fibre  atrength 
being  650  pounds  and  tho  working  shearing  strength  50  pounds 
pt*r  square  inch. 

The  uiaxiniuni   l)ending  moment  (see  example  for  practice  8, 
Art.  43;  and  example  for  practice  2,  Art.  44)  eijuals  practically 
7,000  foot. pounds  or,  7,000  X  12  =  84,000  inchpounds. 
Hence,  according  to  iMpiation  <>"', 

I        84,(HK) 

-     -.,,     =  152.7  incbei*. 
r  550 

Since  for  a  rectangle 

J-       .*   M 

-\  A*/»    -  152.7,  or  Afi*  =  ia«.2. 

u 

Now,  if  wo  Ift     h  :.  4,  then  »#»       22*.«; 

or,  a       15.1  (pnictically  l(»)  ilM•ht•^. 

If,  again,  \^e  let  A  .  ♦».  then  »''        ir)2.7; 

or  a  -  12.4  (practically  1*4)  inches. 

Kither  of  thene  biz«-s  \^ill  llll^u<'^  hO  fur  as  fibre  strt'i*!-  it*  conct*rned, 
I  ut  there  is  nn)re  '•liiiiUT*'  in  tht*  .-feuinl. 

Tlu*  iiiaxiiiiuiii  (*\t«Tii»l  hhi'.'ir  in  tlit*  JH-am  «*<|UttU  1,556 
|Kiuii<i!*,  iiiMrlfetiiig  tln»  wi'ijjlit  t»f  thi*  Uaiii  i  m-c  rXHinple  il.  Art. 
H7;  and  rx'iiiij«lt*  2,  Art.  \\^  ),     Tiien-forf,  fi»r  »  \    ■    lf>ineh  bt*aiii. 

•  S<*f  **  NratiTialt*  nf  (\>nhtrurtion."    Johmm>>.     Tage  &&. 
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,       .  .  3   s/  1.556 

Greatest  shearing  unit-stress  =-77-  X  ■    ,,  ^^ 

^  2        4  X  lo 

=  36.5  pounds  per  square  inch ; 
and  for  a  6  X  14-inch  beam,  it  equals 

3         1,556  . 

"o"  ^  i*  \y  lA  "^  ^ '  • '  pounds  per  square  inch. 

Since  these  values  are  less  than  the  working  strength  in  shear, 
either  sizje  of  beam  is  safe  as  regards  shear. 

If  it  is  desired  to  allow  for  weight  of  beam,  one  of  the  sizes 
should  be  selected.  First,  its  weight  shguld  be  computed,  then 
the  new  reactions,  and  then  the  unit-fibre  stress  may  be  com- 
puted as  in  Art.  64,  and  the  greatest  shearing  unit-stress  as  in  the 
foregoing.  If  these  values  are  within  the  working  values,  then 
the  size  is  large  enough  to  sustain  safely  the  load  and  the  weight 
of  the  beam. 

2.  What  is  the  safe  load  for  a  white  pine  beam  9  feet  long 
and  2  X  12  inches  in  cross- section,  if  the  beam  rests  on  end  supports 
and  the  load  is  at  the  middle  of  the  beam,  the  working  fibre 
strength  being  1,000  pounds  and  the  shearing  strength  50  pounds 
per  square  inch. 

The  ratio  of  the  length  to  the  depth  is  less  than  10;  hence 
the  safe  load  depends  on  the  shearing  strength  of  the  material 
Calling  the  load  P,  the  maximum  external  shear   (see  Table  B, 
pa^e  53)  equals  4  P,  and  the  formula  for  greatest  shearing  unit 

stress  becomes 

3         4  P 

50  =   -^-X  c/vyi~o>  or  P  =  1,000  pounds. 

EXAMPLES  FOR  PRACTICE. 

1.  What  size  of  wooden  beam  can  safely  sustain  loads  as  in 
Fig.  12,  with  shearing  and  fibre  working  strength  equal  to  50  and 
1,000  pounds  per  square  inch  respectively  ? 

Ans.     (>  X  12  inches 

2.  What  is  the  safe  load  for  a  wooden  beam  4  X  14  inches, 
and  18  feet  long,  if  the  beam  rests  on  end  supports  and  the  load 
is  uniformly  distributed,  with  working  strengths  as  in  example  1 1 

Ans.     3,730  pounds 
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73.  Kinds  of  Loads  and  Beams.  Wo  pliall  now  discuss  the 
fttn^n^th  of  Ik^uiiis  under  longitudinal  f(»nvs  (Hrtin^  luirallt*)  to 
the  lK*ain)  and  transverse  loads.  Thv  lonmtudinal  fon't\s  are 
HUpiMkst'il  to  U*  a|i|)IiiHl  at  tlu*  cndri  of  tin*  U^aniH  and  alon^  tlu*  axis* 
of  the  lK»ani  in  each  case.  AVe  consider  only  l>i*ains  renting  on 
end  8up|>ort8. 

Tlie  transvernt*  fon*es  product*  bendlnjc  or  flexure,  an<l  the 
longitudinal  or  end  forces,  if  pulls,  produce  tension  in  the  lK*ain; 
if  pushes,  they  pro<luco  compression.  Hence  the  cjipch  to  \h}  i*on- 
BideriHl  may  Ih»  called  ••  (\mihini»<l  Flexure  and  Tension"  and 
**('onihintHl  Flexure  and  Conipressitin/' 

74.  Flexure  and  Tension.  I^*t  F'ig.  4.*),  </,  reprcM^nt  a  l)eain 
8uhjecte<l  to  the  transwrse  loads  L,,  L.  an<l  L  ,  and  to  two  eijual 
end  pulls  V  and  V.  The  reactions  K,  and  K^  are  due  to  tin*  trans* 
verst*  loads  and  can  Ik*  compute<l  hy  the  nietluxls  of  in<tiiientrt  just 
as  though  there  wrre  no  end  pulls.  To  fiinl  the  stn*sses  at  any 
cross- Sift  ion,  we  deterniine  those  due  to  the  transversi*  forces 
(  L,,  L.,  Lj,  K,  and  K.)  and  those  due  to  the  longitudinal;  then 
conihine  these  stresses  to  get  the  total  effect  of  all  the  applit*d 
forces. 

llie  stn-ss  due  to  the  transvt*rse  forces  consists  (»f  a  shearing 
Btn*ts  and  a  tihn*  str<*ss;  it  will  U*  callitl  the  flexural  stress.  The 
fihrt*  stress  is  conlpre^^iv^•  above  and  ti*ii>ih*  1k»1ow.  l^*t  M  denote 
the  Value  of  tlu*  U'liding  ninnifiit  ait  the  section  (H)nsiden*4l;  r,  and 
r,  tin*  distunc«*s  from  tin*  neutral  axis  to  tin*  highest  and  the  low. 
est  fibre  in  the  .Miction;  am!  S^  ami  S  the  corresjKmding  unit-tibre 
8tn»Shes  due  Ui  the  transverse  loads.      Then 

I  1 

Tlie  stress  due  to  tlu^  einl  pulls  is  a  simple  ten.-ion,  an*!  it  t*4]uals 
P;  this  is  sonn'tinns  calltnl  tin*  direct  Mres.H.  I^et  S,,  dein»te  the 
unit-trnsion  due  to  I*,  and  A  the  area  of  the  cn»ss-MM'tion;  then 

V 


^         A- 


41 


Hoth  s>>tems  tif  biads  to  the  Ifft  tif  a  sti*tion  U*twtt*n  L,  and 


*  NirjK.     Ity  "a\i««  t>f  11  U'fitit  '*  ix  inrant  th««  bin*  thn>u^h  tin*  r(*ntoni  of 
irravitx  ^*t  nil  tbi*  mmtk  ^4vtum^. 
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Lj  are  represented  in  Fig.  43,  J;  also  the  stresses  caused  by  them 
at  that  section.     Clearly  the  effect  of  the  end  pulls  is  to  increase  the 


11- 


ihi_k 


K 


^ 


SrSo 


ScS. 


5,-»-Sc 


S.  +  Sj 


tensile  stress  (on  the  lower 
fibres)  and  to  decrease  the 
compressive  stress  (on  the 
upper  fibres)  due  to  the  flex- 
ure. Let  Sc  denote  the  total 
(resultant)  unit-stress  on  the 
upper  fibre,  and  S^^  that  on 
the  lower  fibre,  due  to  all 
the  forces  acting  on  the  beam. 
In    combining    the    stresses 

there  are  two  cases  to  con-  ^  _ 

sider:  Fig.  43. 

(1)  The  flexural  compressive  unit-stress  on  the  upper  fibre  is 
greater  than  the  direct  unit-stress;  that  is,  S,  is  greater  than  S^,. 
The  resultant  stress  on  the  upper  fibre  is 

Sg  =  Sj  -  Sq  (compressive) ; . 
and  that  on  the  lower  fibre  is 

8^  =  83  +  8^  (tensile). 

The  combined  stress  is  as  represented  in  Fig.  43,  c,  part  tensile 
and  part  compressive. 

(2)  The  flexural  compressive  unit-stress  is  less  than  the 
direct  unit-stress;  that  is,  S,  is  less  than  S^.  Then  the  combined 
unit-stress  on  the  upper  fibre  is 

S^  =  Sj,  -  8,      (tensile); 
and  that  on  the  lower  fibre  is 

S^  :=  Sj  +  Sq     (tensile). 

The  combined  stress  is  represented  by  Fig.  43,  J,  and  is  all 
tensile. 

A\ra?)ijfh\  A  steel  bar  2x0  inches,  and  12  feet  long,  is  sub- 
jected to  end  pulls  of  45,000  pounds.  It  is  supported  at  each 
end,  and  sustains,  as  a  beam,  a  uniform  load  of  r),000  pounds. 
It  is  required  to  compute  the  combined  unit-fibre  stresses. 

Evidently  the  dangerous  section  is  at  the  middle,  and  M  = 
I  W/;  that  is, 
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M        —    ■•  «5,(MK>  X    V2        '.t.JKMJ  fiK)t|ioun(l8, 

or  *.»,<HH>  y  12       10S,(H)0  inchpounds. 

The  bar  iMMn^  plaot^l  with  tho  sixinch  ^idt*  vertical, 

',        H  iDclietf,  and 


4\  -  -  r 


I      -   /rr  X  2  >    r»'  -    'M\  inchrh*.     (&^  Art.  52.) 

HeDCt«       S,       S^        -     — ,,  r~  -  ■        **,<MH)[K)und8|)erfKjuapo  inch. 

Since*  A  --   2  A  •>  -    12  8(iuaiv  incht*!«, 

S^,  -       '  y.  ^,750  |M)undri  |>er  square  inch. 

The  ^reatent  value  of  the  (*oinbint*d  compn*si4ive  8trt»88  itt 

^1      ^o        t»,<MM)      :<,750  -     5,250  [KiundH  |n»r  nquare  inch, 
and  it  (hvuph  on  the  up|N.*r  til»reH  of  the  niiddU*  sei*tion.    The^n»at. 
e«t  value  of  the  eoinl»ine<l  tensile  8trt»s8  irt 

^;  -^  ^o  '     -MKHJ    i    :U50        12,750  |wund8|K?rwiuare  inch, 
and  it  occurn  on  the  h>we8t  tilires  of  the  middle  8eotion. 


EXAHPLH    rOR    PRACTICE. 

(*hanp*  the  loiid   in  the  prtHMnlin^  illustrntion  to  one  of  6,(K)0 

|)ound{4  pla4*e<l  in  the  middle,  and  then  solve. 

*        \  S^        14,250  ihmuhU  per  squart*  inch. 
Ans.  .^^^        21,750       


ft* 


75.  Flexure  and  Compression.  Imagine  the  arn>wlieadflon 
P  reverstHJ;  then  Ki^.  4.1, '',  will  represent  a  U-am  un«h»r  com 
hine<l  tlexural  and  eoniprfssive  Htn»SM«s.  Tin*  tlexural  unitstre8m*8 
an*  eoniputt*d  as  in  tiit*  prt'OMlin^  artielt*.  The  tlin*<*t  Htn*ss  is  a 
r(»mprt*>>ion  t^pial  to  1\  and  the  unit-^trfss  dui*  to  I*  is  (*ompute4l 
as  in  thf  pn*ef<iiiij;  artieli*.  KviijiMillv  tlieelTiM't  of  1*  is  to  inen*aii«« 
the  eompr^•^^i^l•  slri'ss  ainl  divn^ase  tin*  ttMifih*  str^ns  due  to  the 
tlexure.      In  ronihiiiint;,  h«»  have  two  m>vn  as  iN'furr: 

(It  Tlir  tlrxnnd  t«*n>ilr  unit^tri*ss  is  ^n-atft  than  the 
dinvt  unit •^t^l•^^•,  that  i-.  S.  is  ^reat«T  than  S,.  Tlirii  llie  com- 
!»in««<l  unitstn*.*-  on  tin*  Iow«t  tihn*  is* 
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St  =  Sj  -  Sq  (tensile) ; 
and  that  on  the  upper  fibre  is 

^c  =^  S|  +  So  (compressive). 
The  combined  fibre  stress  is  represented  by  Fig.  44,  a^  and  is  part 
tensile  and  part  compressive. 

(2)  The  flexural  unit-stress  on  the  lower  fibre  is  less  than 
the  direct  unit-stress;  that  is,  S<2  is  less  than  S^.  Then  the  com- 
bined unit-stress  on  the  lower  fibre  is 

St  =  Sq  -  Sg  (compressive); 
and  that  on  the  upper  fibre  is 

Sq  =  Sq  +  Si  (compressive). 
The  combined  fibre  stress  is  represented  by 
Fig.  44,  5,  and  is  all  compressive. 

Example.  A  piece  of  timber  6x6 
inches,  and  10  feet  long,  is  subjected  to  end 
pushes  of  9,000  pounds.  It  is  supported  in 
a  horizontal  position  at  its  ends,  and  sustains 
a  middle  load  of  400  pounds.  Compute  the 
combined  fibre  stresses. 

Evidently  the  dangerous  section  is  at  the 
middle,  and  M  =  J  PZ;  that  is, 


Fig.  44. 


M  =  I  X  400  X  10  =  1,000  foot-pounds, 

or  1,000  X  12  =  12,000  inch-pounds. 

Since       (\  =  c.^  =  'i  inches,  and 

I  ^  _  W  =  -—  X  6  X  6^  --  108  inches*, 

12,000  X  3  1  . 

Oj  =  Oo  =  jQo =  ^^^~^  pounds  per  square  inck 

Since       A  =  6  X  0  ==  36  square  inches, 


So   = 


9,000 


86 


250  pounds  per  square  inch. 


Hence  the  greatest  value  of  the  combined  compressive  stress  is 
Sq  +  S,  =  333-7T-  +  250  =  583-7»- pounds  per  square  inch. 
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h:\ 


It  occurs  on  the  upptT  tihrt*fl  of  tht*  middle  B€H*tion.     Tho  greatest 
value  of  the  comhiniHl  teiiHile  stress  is 

S^  -  S„  - :  iVSA  ,, —  250  -  -  Sii-7-  |K>undrt  |K*r  squart*  inch. 
It  oceuni  on  the  lowt^t  tihn^s  of  the  middle  st*c*tion. 

EXAMPLE  R>R  PRACTICE. 

Change  the  KnuI  of  the  prtK^tnlin^  illustration  to  n  uniform 

load  and  solve. 

.  \  S^  —  417  [xmnds  jkt  8<]uare  ineh. 

)  S^  hi}        »•  ••         *»  »•       (eompression). 

76.  Combined  Flexural  and  Direct  Stress  by  /lore  Exact 
Formulas.     The  results  in  the  pn^ctnlin^  articles  an*  only  approxi- 

nnilely  cornrt.  Imagine  the 
lH»am  re[»n»S4*nte<l  in  Fi^.  4.'),  #/, 
to  lH*tirHt  loa4l(*<l  with  tin*  trans, 
vers**  loads  alone.  They  cause 
the  lK*am  to  l)t*nd  more  or  less, 
and  pHnluee  eertiiin  th*xural 
stresses  at  each  stnrtion  of  the 
lH*am.  Now,  if  end  pulls  aro 
applitnl  they  ten«l  to  straighten 
the  lH*am  and  hence  diminish  the  tlfxnml  Htrt*ss<*s.  This  efT(*ct 
of  the  end  pulls  was  omitttsl  in  the  discussion  of  Art.  71,  and 
tlie  results  there  ^ivrn  are  therefore  only  approximate,  the 
value  of  the  j^reati^iil  coni)iine<i  tiKre  unit-strt*ss  (^S, )  lH*in^  tew 
larp*.  On  the  other  hand,  if  the  end  forces  are  pushes,  they  in- 
encase  the  U'lidin^j.  and  therefon*  increase  the  tlexural  tihrt*  Btress<*s 
alrt*ady  caiiM**!  hy  the  transversi*  forces  (see  Fi^.  45,  b),  llie 
n*sults  indicated  in  Art.  75  must  therefon*  in  this  I'ase  also  Im» 
n*pinl(*«l  as  only  approxinnite,  tlie  value  of  the  ^eatest  unit- 
fibre  stn»ss  [  S . )  \h*'\  u^  t«Hi  small. 

For  b«*ams  loathnl  in  the  middle  or  with  a  uniform  load,  the 
foUowin^  formulas,  which  take  into  account  the  tlexural  effect  of 
the  end  foHM'S,  mav  1h«  use<l : 

.M  denotes  bending  moment  at  the  middle  iiei*t ion  of  the  beam; 
I  denotes  the  moment  of  in<*rtia  of  the  midtlle  iiei*tion  with 
riMpect  to  the  neutral  axis; 


ii 
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Sj,  Sj,  <7j  and  c^  have  the  same  meanings  as  in  Arts.  74  and 
75,  but  refer  always  to  the  middle  section ; 

I  denotes  length  of  the  beam ; 

E  is  a  number  depending  on  the  stiffness  of  the  material,  the 
average  values  of  which  are,  for  timber,  1,500,000;  and  for  struc- 
tural steel  30,000,000.* 

^1= .     ^,,   >^Qd  S,  = 


lOE .  lOE 

The  plus  sign  is  to  be  used  when  the  end  forces  P  are  pulls,  and 
the  minus  sign  when  they  are  pushes. 

It  must  be  remembered  that  S,  and  S,  are  flexural  unit- 
stresses.  The  combination  of  these  and  the  direct  unit-stress  is 
made  exactly  as  in  articles  74  and  75. 

Examples.  1.  It  is  required  to  apply  the  formulas  of  this 
article  to  the  example  of  article  74. 

As  explained  in  the  example  referred  to,  M  =  108,000  inch. 
pounds;  c^=^  c^=  3  inches;  and  I  =  36  inches*. 
Now,  since  I  =  12  feet  =  144  inches, 

„        „  108,000  X  3  324,000 

S.  -  ^  - 45,000  X  144^    =  36+3.11  =  ^'^^^   P°"°<^» 

"^^  ^  10  X  30,000,000 

per  square  inch,  as  compared  with  9,000  pounds  per  square  inch, 
the  result  reached  by  the  use  of  the  approximate  formula. 
As  before,  S^  =  3,750  pounds  per  square  inch;  hence 

S^j  =  8,284-  3,750  =  4,534  pounds  per  square  inch; 
and     St  =  8,284  +  3,750  =  12,034    "        "       "        " 

2,  It  is  required  to  apply  the  formulas  of  this  article  to  the 
example  of  article  75. 

As  explained  in  that  exam|)k*, 

M  =  12,000  inch-pounds; 
c\  =  r.^  -  --  3  inches,  and  1  ^     108  inches*. 
Now,  since  /  —  120  inches, 

12.000  X  3  3(),0()0 

^-  ^^       T^~li,()00">ri2(F"       108  -  8.04   ^  ^  ^^^^   I^^"^^ 

1()"X  1,500,000 


*  Note.    This  quantity  "  E  "  is  more  fulb;  explained  in  Article  95. 
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per  Mjuare  inch,  an  ooin|iartMl  with  XVA\  |k>uii<18  |)er  Hquare  inch, 
the  result  reached  by  tint*  of  tiie  approximate  inetlMKl. 
As  before,  S„        2oO  |M)undrt  jH»r  square  ineh;  hence 

Sc     -  3<>2    f  250        Tili  |)oun<ls  |K*r  squan*  inch;  and 

8^        :m2-250        112 


ft*         «*        •»         kft 


EXAMPLES    FOR    PRACTICE. 

1.  Solve  the  example  for  practice  of  Art.  74  by  the  formulas 
of  this  article. 

4        S  S^        12,^2(>  )M)unds  |>er  squan*  inch. 
•^"'*-  )  S^        2(>,.J20       

2.  St)lve  the  example  for  pnu*tiiv  of  Art.  75  by  the  formulas 
of  this  article. 

.  \  S^.     -  AM)  |M)undH  |K»r  .square  inch, 

*    )  Sj     -    70       ••  »•        •»         ••      (comprertsiom. 

STRENQTM    OF    COLUHNS. 

A  stick  of  timlH*r,  a  bar  of  iron,  etc.,  when  use<l  to  sustain 
end  loads  wiiich  act  len^thwi!«<*  of  tin*  pitH*t*H,  are  calKnl  columns* 
posts,  or  stmts  if  they  an*  tM)  l<>n^  that  they  would  In^nd  lH*fore 
bn*akin^.  When  they  are  ho  short  that  they  wouhl  not  InMid 
U*fon«  bn^kin^,  they  aiv  calltnl  short  blocks,  and  their  com pn*s- 
sive  8tn*n^hi)  an*  computt**!  by  means  of  njuation  1.  The  Htn*n^hs 
of  columns  cannot,  however,  U*  so  simjily  determiniHi,  and  we  now 
proiHHMl  to  explain  the  methtnl  of  computing  them. 

77.  End  Conditions.  Tin*  stn*n^th  of  a  column  de|MMids  in 
|iart  on  th<*  way  in  which  its  ends  U^ur,  or  are  joine<l  to  other 
parts  of  a  structun*,  that  is,  <in  its  *•  end  conditions."  Then*  are 
practically  but  tlint*  kinds  of  en<l  conditi(»ns,  namely: 

1.     ••  llin^ri*'*  i»r  ••  |»in  **  rn<l!*, 

'i.     "  FInt  '•  i»r  •'  M|uarr  *  fn«U.  ami 

X    ••Fuisl"  i.ntU. 

( 1  I  When  a  column  is  fnstent*4l  to  its  ^up|K)rt  at  one  end  by 
means  of  a  pin  alMMit  which  tin*  column  i*ould  rotate  if  the  other 
eml  Wen*  frei*,  it  is  said  to  U*  **liinjj:<il"  or  ••  pinne^l ''  at  the 
fornn*r  (*nd.     Hridp*  ixists  or  cnlumns  an*  oftt*n  lnn^i*«l  at  the  ends. 

(2|  A  column  eitln*r  end  of  which  is  tbit  and  |M*r|N'n<iicular 
to  its  axis  and  \n^ii^i^  on  (»ther  jMrts  t»f  the  htructun*at  that  surface, 
in  said  to  Im*  **  Hat  **  or  **  h4|uan«**  at  that  en«l. 
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(3)  Columns  are  sometimes  riveted  near  their  ends  directly 
to  other  parts  of  the  structure  and  do  not  bear  directly  on  their 
ends;  such  are  called  ''  fixed  ended."  A  column  which  bears  on  its 
flat  ends  is  often  fastened  near  the  ends  to  other  parts  of  the  struc- 
ture, and  such  an  end  is  also  said  to  be  "fixed."  The  fixing  of  an 
end  of  a  column  stiffens  and  therefore  strengthens  it  more  or  less, 
but  the  strength  of  a  column  with  fixed  ends  is  computed  as 
though  its  ends  were  flat.  Accordingly  we  have,  so  far  as  strength 
is  concerned,  the  following  classes  of  columns : 

78.  Classes  of  Columns.  (1)  Both  ends  hinged  or  pinned; 
(2)  one  end  hinged  and  one  flat;  (3)  both  ends  flat. 

Other  things,  being  the  same,  columns  of  these  three  classes 
are  unequal  in  strength.  Columns  of  the  first  class  are  the 
weakest,  and  those  of  the  third  class  are  the  strongest. 


IB 

■^ 

.A 

^_  ^^ 

A 

1 
1 

Fig.  46. 


79.  Cross-sections  of  Columns.  Wooden  columns  are  usu- 
ally solid,  square,  rectangular,  or  round  in  section;  but  sometimes 
they  are  ''built  up"  hollow.  Cast-iron  columns  are  practically 
always  made  hollow,  and  rectangular  or  round  in  section.  Steel 
columns  are  made  of  single  rolled  shapes — angles,  zees,  channels, 
etc.;  but  the  larger  ones  are  usually  "  built  up"  of  several  shapes. 
Fig.  46,  (f,  for  example,  represents  a  cross-section  of  a  *' Z-bar*' 
column;  and  Fig.  40,  7/,  that  of  a  '*  channel "  column. 

80.  Radius  of  Gyration.  There  is  a  quantity  appearing  in 
almost  all  formulas  for  the  strength  of  columns,  which  is  called 
''  radius  of  gyration."  It  depends  on  the  form  and  extent  of  the 
cross-section  of  the  column,  and  may  be  defined  as  follows: 
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The  radiun  of  iryration  of  any  piano  Hjfun*  las  tlio  w»clion  of  a  column) 
with  rwi}>«'t  to  any  lino,  in  nuch  a  lon^^th  that  tho  s«iuart«  of  thit  h»nKth  mul- 
tiphtnl  by  tlio  area  of  thf*  ti^uro  04|uaLs  tho  nitmiont  of  inortia  of  the  figure 
with  it*ti|xH*t  to  the  f?ivf«n  lin«». 

TliU8«  if  A  ilenotett  the  area  uf  a  ti^un*;  I,  its  luoinent  of  in- 
ertia with  n»i*|K»ot  to  Bonio  line;  and  /',  the  radiur  of  gyration 
with  n*Hp(H:t  to  that  line;  then 

r"A  "  I;  orr  :     l^T^rA.  (9) 

In  the  colnmn  formulas,  tlie  radius  of  ^ration  always  refers  to  an 
axis  through  the  center  of  gravity  of  the  cro88MH*tion,and  UAually 
to  that  axirt  with  n*8|itH*t  to  whieh  tiie  radius  of  gyration  (and  ino. 
nient  of  inertia)  is  least.  (For  an  exception,  mh«  exaiiiph^  S^ 
Art.  S^).)  Hence  the  radius  of  gyration  in  this  coniuvtion  is  often 
calltnl  for  hrevity  the  *'  K«Hst  ratlins  of  gyration,"  or  Hiniply  the 
"leaiit  radius." 

Krantjtlin,  1.  Show  that  the  value  of  the  rmliuH  of  gynition 
given  f«)r  the  B<|uan*  in  Tal»h»  .\,  |Mige  o'J,  in  cornvt. 

The  moment  of  iii«*rtia  of  the  sipiart*  with  n*s|MH*t  to  the  axis 
is  j'j'/\     Since  A        «r\  then,  hy  formula  *»  alK)ve, 


/• 


\vr'    "    \vy'    "\vs 


'J.  PniVf  that  the  value  of  the  radiuH  nf  gyration  given  for 
the  hollow  H(|uare  in  TiiMe  A,  j»age  ."it,  is  corn^'t. 

The  Value  of  thi*  moment  of  inertia  of  the  squan*  with  rt*siiect 
to  the  axis  is4  ^V,  {"*      '//).     Since  A        i/'      «f,*, 

1 1 

i-XAilPLI:   rOR  dH^ACTICe. 

IVovt*  that  the  values  of  the  radii  of  gyration  of  the  other  fig. 
UH'S  given  in  TaMe  A,  |>age  '>-,  an»  <*orre**t.  The  axis  in  each 
case  is  indicatcnl  hy  the  line  through  tht*  center  of  gravity. 

Hi.  Radius  of  Gyration  of  Built-up  Sections.  Tlie  radius  of 
gynition  of  a  huilt-up  MH'tit»ii  is  ci»ni|iutt«<l  similarly  to  that  of  any 
other  tigurt*.      First,  we  have  to  compute  the  moment  of  inertia  of 
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the  section,  ab  explained  in  Art.  54;  and  then  we  use  formula  9,  aa 
in  the  examples  of  the  preceding  article. 

Example.  It  is  required  to  compute  the  radius  of  gyration 
of  the  section  represented  in  Fig.  30  (page  52)  with  respect  to  the 
axis  AA. 

In  example  1,  Art.  54,  it  is  shown  that  the  moment  of  inertia 
of  the  section  with  respect  to  the  axis  AA  is  429  inches*.  The 
area  of  the  whole  section  is 

2  X  0.03  +  1  =  19.06; 

hence  the  radius  of  gyration  r  is 


EXAMPLE  FOR  PRACTICE. 

Compute  the  radii  of  gyration  of  the  section  represented  in 
Fig.  31,  a^  with  respect  to  the  axes  AA  and  BB.     (See  examples 

for  practice  1  and  2,  Art.  54.) 

.  (  2.87  inches. 

Ans.     {  r^  ^^ 

1 2.09      *' 

82.  Kinds  of  Column  Loads.  When  the  loads  applied  to  ^ 
column  are  such  that  their  resultant  acts  through  the  center  of 
gravity  of  the  top  section  and  along  the  axis  of  the  column,  the 
column  is  said  to  be  centrally  loaded.  When  the  resultant  of  the 
loads  does  not  act  throuirh  the  center  of  gravity  of  the  top 
section,  the  column  is  said  to  be  eccentrically  Coaded.  All  the 
following  formulas  refer  to  columns  centrally  loaded. 

83.  Rankine's  Column  Formula.  When  a  perfectly  straight 
colunm  is  centrally  loaded,  then,  if  the  colunm  does  not  bend  and 
if  it  is  homogeneous,  the  stress  on  every  cross-section  is  a  uniform 
compression.  If  P  denotes  the  load  and  A  the  area  of  the  cross- 
section,  the  value  of  the  unit-compression  is  P  -:-  A. 

On  account  of  lack  of  strairrhtness  or  lack  of  uniforTnity  in 
material,  or  failure  to  secure  exact  central  apj)lication  of  the  load, 
the  load  P  has  what  is  known  as  an  *^arni''  or  *' leverarre ''  and 
bends  the  column  more  or  let^s.  There  is  therefore  in  such  a 
column  a  bending  or  llexural  stress  in  addition  to  the  direct  com- 
pressive stress  above  mentioned;  this  bending  stress  is  compressive 
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on  tlio  conoHVi*  »\i\o  Hnd  teiiHiIc*  (in  tin*  c<>nv«>x.  Tht*  vhIuo  (»f  tlit» 
BtresH  |N*r  unit  nri*]!  (nnitHtri*»«K )  fin  tin*  film*  itt  tin*  conravi*  i^i<lt*, 
Bct*(»nlin^  to  <*i|niiti(»n  <»,  iti  M'-  I.  \\ln*rf  M  (lt*ni>t<*H  tin*  lH*ndin^ 
niunn*nt  at  tin*  H4*i*ti(>n  ((iut*  to  tin*  loinl  on  tin*  rolunin),  *•  tht« 
(iiHtnnro  from  tin*  neutnil  hxIh  tt»  tin*  i*oncn\i*  side*,  and  I  tin* 
nn»nn*nt  of  iniTtia  of  tin*  cro8ii-M*i*tion  MJtli  n*ii|KH*t  to  tin*  neutral 
axJH.  (  Notict*  that  this  axis  is  |K*r[M*ndi(*ular  tt>  tin*  piano  in 
wliirli  tin*  folnnin  liends.) 

Tin*  up|H*r  wt  of  arrowri  (  Fi^.  47  i  n*|»n*m'ntrt  tin*  dirtK*t  roin- 
pn*h»*ivi*  htn^Hs;  and  tin*  H<*i*ond  wt  tin*  U'lnlin^  Htn*sH  if  tht*  load 
\s  not  l*Xlv^hiv<*,  HI  that  tht*  8tretiM*t)  an*  within  tht*  elastic  limit  uf 
tin*  material.  The  thinl  Bet  n*{)rt*tH*ntH  the  coml»iin*«l  8tn^H  that 
aetually  existn  on  the  erotts.iii*rtion.  The  f;n*atest  eomliine<l  unit- 
8tri*88  evidently  CKi^urs*  on  the  tihre  at  the  concave  Hide  ami  where 

the  detl(*i*tion  of  the  column  in  fxreatent.  Tlie 
Htrt*M«  itf  com[in*B8iv(\  and  itn  value  S  ]ier  unit- 
an*a  is  ^iven  l»y  the  formula, 

I  • 

Now,  the  U'lniin^  nnunent  at  the  plaiv  of 
greatest  detlivtion  (*<pials  the  product  of  the 
load  I*  and  its  arm  (that  is,  the  deflection  ). 
Calling  thedi*tliH*titin  </,  wi*  iiave  M  IW;  and 
this  value  of  M.  su1»Htitute«l  in  the  last  (*qua 
tion,  pvert 

Ki«.  47.  A  I 

Ia'I  r  flenott*  the  radius  of  f^vration  of  the  cross  st*!* tion  with  n^spec 
to  tin*  neutral  axis.  Tln*n  I  Ar  (si*t*  cspiation  1*  i ;  and  this 
vahn*.  ^ul»^titu^Hl  in  the  last  e<piation,  ^iv<*s 


V 

^    -J 


H!T»*'"     ■•*MJ|} 


OTTT 


s 


A 


\r 


A 


(1 


/* 


Atvonlin^  t4i  tin*  theory  of  tin*  stifTni*ss  4»f  U-ains  on  end  sap. 
ports,  ilftltH'tions  viir\  din-ctly  »?>  tln«  sipnin*  of  tin*  li*n^th  /, and  in- 
%'erH4*Iv  as  tin*  distamv  *■  fn»m  tin*  nrutral  axis  t4»  tin*  n*nnite8t  tihn* 
of  the  cross -st*ct ion.      As^umin^  that   the  detltH-tions  of  columns 
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follow  the  same  laws,  we  may  write  d  =  k  (^P  -r-  c)j  where  k  is 

some  constant  depending  on  the  material  of  the  column  and  on  the 

end  conditions.    Substituting  this  value  for  d  in  the  last  equation, 

we  find  that 

P  P 

P  s 

• 


and 


X 


P  = 


1  +  A  — 
SA 


1  +  k 


r' 


(lO) 


Each  of  these  (usually  the  last)  is  known  as  "  Rankine's  formula." 

For  mild-steel  columns  a  certain  large  steel  company  uses  S  =  50,000 
pounds  per  square  inch,  and  the  following  values  of  k : 

1.  Columns  with  two  pin  ends,  k  =  1-*- 18,000. 

2.  "  "    one  flat  and  one  pin  end,     k  =  !•*-  24,000. 

3.  "  "     both  ends  flat.  A:  =  1  +  36,000. 

With  these  values  of  S  and  k,  P  of  the  formula  means  the  ultimate  load. 
that  is,  the  load  causing  failure.  The  safe  load  equals  P  divided  by  the 
selected  factor  of  safety — a  factor  of  4  for  steady  loads,  and  5  for  moving 
loads,  being  recommended  by  the  company  referred  to.  The  same  unit  is  to 
be  used  for  2  and  r. 

Cast-iron  columns  are  practically  always  made  hollow  with 

comparatively  thin  walls,  and  are  usually  circular  or  rectangular 

in  cross-section.    Tbo  following  modifications  of  Rankine's  formula 

are  sometimes  used: 


For  circular  sections. 


For  rectangular  sections, 


A 

_P 
A 


80,000 


14 


Z> 


800  d^ 
80,000 


1-f 


I' 


1,000  d2 


(lO) 


In  these  formulas  d  denotes  the  outside  diameter  of  the  circular  sec- 
tions or  the  length  of  the  lesser  side  of  the  rectangular  sections.  The  same 
unit  is  to  be  used  for  I  and  d, 

Examj)les,  1.  A  40-pound  lO-inch  steel  I-beam  8  feet 
long  is  used  as  a  flat-ended  column.  Its  load  being  100,000 
pounds,  what  is  its  factor  of  safety  ? 

Obviously  the  column  tends  to  bend  in  a  plane  perpendicular 
to  its  web.     Hence  the  radius  of  gyration  to  be  used  is  the  one 
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with  respect  to  that  central  axis  of  the  croHH-Mectioii  which  is  in 
the  wehy  that  is«  axis  2-2  (sti*  !i^un«  ai*coni|)anYin^  tahle,  {Mi}{e  72  )• 
The  moment  of  inertia  of  the  Miction  with  n*H|MH*t  to  that  axis, 
according  to  the  tahle,  is  U.&O  inches*;  and  since  the  area  of  the 
section  is  11.7H  Mjuare  inches, 

Now,  /  r..  S  feet  =  W\  inches;  and  since X-  =  1  :-  SO,00(\and  S  ^ 
50,(NN),  the  breaking  load  for  this  column,  according  to  Uankine*! 
formula,  is 

„          60,000  X  11.70  Miiifiux  1 

r  — -j^- =3  44U,71M)  pounds. 

^  +    »5,U0O  X  O.SOS. 

Since  the  factor  of  safety  (N]uals  the  ratio  of  the  brt*aking  load  to 
the  actual  load  on  the  column,  the  fact4>r  of  safety  in  this  case  is 

448,790         ^  _ 
T?^MHH)    ^    -*••>(•??«>«•)• 

2.  What  is  the  safe  loail  for  a  cast-ir«)n  (*olumn  10  ftH*t  long 
with  squan*  ends  and  a  hollow  n*i*tangulHr  station,  the  outside 
dimensions  InMUg  5  X  N  inclu*s;  the  inner*  4x7  inclunt;  and  the 
factor  of  safety,  0  I 

In  this  i-ase  /  -  10  fwt  -~^  120  inches;  A  5  X  H  -  4  X  7 
.  ■•  12  S4|UHn«  inches;  and  #/  5  inches,  lleno*,  ac*ct>rding  to 
formula  10',  for  n*ctangular  s<*i*tionH,  the  hn^aking  load  is 

'*  l,«MHrx'5' 

8inc(«  the  safe  IcmmI  (H|uals  the  breaking  load  dividtnl  by  the  factor 
of  safety,  in  this  cas<«  the  safe  load  is|uals 

r»l(M)00        ,    ,  ^  ^ 

—  ■;  101, j(H)  |M)unds. 

3.  A  channel  column  (m\*  Fig.  4t»,  /»)  is  pin-ended,  the  pins 
Ik-ing  p(T[M*n«licuIur  to  tin*  wrbs  of  the  channel  (  n*pn*S(*ut«Hl  by 
A  A  in  the  figure),  and  its  fength  is  1(1  fi^t  (distance  betweeo 
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of  the  pins).  If  the  sectional  area  is  23.5  square  inches,  and  the 
moment  of  inertia  with  respect  to  AA  is  386  inches*  and  with 
respect  to  BB  214  inches*,  what  is  the  safe  load  with  a  factor  of 
safety  of  4  ? 

The  column  is  liable  to  bend  in  one  of  two  ways,  namely,  in 
the  plane  perpendicular  to  the  axes  of  the  two  pins,  or  in  the  plane 
containing  those  axes. 

(1)  For  bending  in  the  first  plane,  the  strength  of  the  col- 
umn is  to  be  computed  from  the  formula  for  a  pin -ended  column. 
Hence,  for  this  case,  o^  =  386  ^-  23.5  =  16;  and  the  breaking 
load  is 

50,000    X    23.5  .    r...    r.r.^ 

^  ^  (16  X  12^^   =  1,041,600  pounds. 

^  "*"  18,000  X  16 

mi        i.    1     ^  i.       ,  .  ,     1,041,600 

rhe  safe  load  for  this  case  equals  j =  260,400  pounds. 

(2)  If  the  supports  of  the  pins  are  rigid,  then  the  pina 
stiffen  the  column  as  to  bending  in  the  plane  of  their  axes,  and  the 
strength  of  the  column  for  bending  in  that  plane  should  be  com- 
puted from  the  formula  for  the  strength  of  columns  with  flat  ends. 
Hence,  ?*^  =  214  -j-  23.5  =  9.11,  and  thebreaking  load  is 

50,000  X  23.5  .  ^      ^^^ 

1   = HH  Y  V^Y      ~  1,056,000  pounds. 

^  "^  36,000  X  9.11 
The  safe  load  for  this  case  equals  -^ — ^ =  264,000  pounds. 

EXAMPLES    FOR    PRACTICE. 

1.  A  40-pound  12-inch  steel  I-beam  10  feet  long  is  used  as 

a  column  with  flat   ends  sustaining  a  load   of  100,000  pounds. 

What  is  its  factor  of  safety? 

Ans.     4.1 

2.  A  cast-iron  column  15  feet  long  sustains  a  load  of 
150,000  pounds.  Its  section  being  a  liollow  circle,  9  inches  out- 
side and  7  inches  inside  diameter,  what  is  the  factor  of  safety? 

Ans.     8.9 

3.  A  steel  Z-bar  column  (see  Fig.  46,  a)  is  24  feet  long  and 
has  square  ends;  the  least  radius  of  gyration  of  its  cross-section  ia 
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with  re«pMt  to  that  central  axia  of  tho  croas-vection  which  is  in 
the  web,  that  is,  axis  2-2  (8M>fifruriia(.-cunipanyin^talile,[«f^72). 
The  moment  of  inertia  of  the  section  with  re(i|>i>ct  tu  that  axie, 
according  to  the  table,  is  0.60  inches';  and  since  the  area  of  the 
lection  is  ll.Tfl  wjuare  inches, 


»*  = 


O.BO 


r  0.808. 


Now,  1  r-=  8fwt  =  Oflinche«;and  since*  =  1  -<- 80,000, and S -= 
60.0(N),  the  hniaking  load  fur  this  column,  acconling  to  Itankine's 
formala,  is 


p  _     60,000  X  11.70 

^  +    3*1,000  X  0.80S. 


=  440,71)0  ponnds. 


Since  the  factor  of  safety  equals  the  ratio  of  the  bn«king  load  to 
the  actual  luad  on  the  column,  the  factor  of  safety  in  this  case  is 


446^ 

2.     What  ia  the  safe  load  for  a  cast.iron  column  10  fwt  lonf{ 
wltfl  ■qiure  ends  and  a  hollow  nvtan^lar  stvtion,  the  outside 
I  dimoDsioni  WUta  '>  X  8  inches;  the  inner,  4x7  inches;  and  the 
heSar  of  safety,  0  I 

In  thifl  case  /  -     10  feet  -=  120  indies;  A       5x8-4x7 
■•IS  iquare  iui'lit«;  and  (/ .      5  iticht-s.     Ilenci-,  according  to 
t  lO",  for  rtfiangular  sections,  the  breaking  load  is 

."-'■^^^^^L^.        010,000  ,H.und». 
'       I7)OOx'5' 
»  ItMil  ••qnats  the  bn-aking  load  divided  by  the  factor 
B  this  cxaa  the  safe  load  iHguala 

!1^'?*       10l.7,K.,„u„d.. 

utnni-l  colnron  (st>e  Fig.  40,  It)  is  pin-ended,  the  pioa 

idi<aUr  to  the  webs  of  the  channel   (represented  by 

«),  and  ita  length  is  10  feet  (distance  betWMO  aiM 
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etc.,  represents  the  formula.  Such  a  curve,  besides  representing 
the  formula  to  one's  eye,  can  be  used  for  finding  the  value  of 
P  -f-  A  for  any  value  of  Z  -5-  r;  or  the  value  of  /  -5-  r  for  any  value 
of  P  -r-  A.  The  use  herein  made  is  in  explaining  other  column 
formulas  in  succeeding  articles. 

85.  Combination  Column  Formulas.  Many  columns  have 
been  tested  to  destruction  in  order  to  discover  in  a  practical  way 
the  laws  relating  to  the  strength  of  columns  of  different  kinds. 
The  results  of  such  tests  can  be  most  satisfactorily  represented 
graphically  by  plotting  a  point  in  a  diagram  for  each  test.  Thus, 
suppose  that  a  column  whose  I  -^  r  was  80  failed  under  a  load  of 
276,000  pounds,  and  that  the  area  of  its  cross-section  was  7.12 
square  inches.  This  test  would  be  represented  by  laying  off  Oa, 
Fig.  49,  equal  to  80,  according  to  some  scale;  and  then  ah  equal  to 
276,000  -i-  7.12  (P  H-  A),  according  to  some  other  convenient 
scale.  The  point  h  would  then  represent  the  result  of  this  par- 
ticular test.  All  the  dots  in  the  figure  represent  the  way  in  which 
the  results  of  a  series  of  tests  appear  when  plotted. 

It  will  be  observed  at  once  that  the  dots  do  not  fall  upon  any 
one  curve,  as  the  curve  of  Bankine's  formula.     Straight  lines  and 
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Fig.  49. 

curves  simpler  than  the  curve  of  Kankine's  formula  have  been 
fitted  to  represent  the  average  positions  of  the  dots  as  determined 
by  actual  tests,  and  the  formulas  corresponding  to  such  lines  have 
been  deduced  as  column  formulas.  These  are  explained  in  the 
followincr  articles. 

86.    Straight-Line  and  Euler  Formulas.    It  occurred  to  Mr. 
T.  H.  Johnson  that  most  of  the  dots  corresponding  to  ordinary 
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lengths  of  colamna  hfrrvi}  with  h  gtnii^lit  lino  juBt  as  well  em  with 
a  curvo.  Ho  therffon^  in  1SM>,  made  a  nuni)ic*r  of  Ruch  plats  or 
diaf^rains  as  Fig.  4*.^  tittt*d  straight  linen  to  thoni,  and  dtHim*tHl  tho 
formula  corre8|)onding  to  each  lino.  Ttii*m*  havo  Uhhiiiio  known 
as  **  straight- line  formulas/'  and  thoir  gi*noraI  form  in  vla  follows: 

P         .  f 

-     .:    S-    //I—,  (II) 

A  r  ' 

P,  A, /,and  rhaving  meanings  as  in  I(ankino*d  formula  (Art.  KS), 
and  S  and  m  lK*ing  constants  whost^  values  aiH*ording  to  Johnson 
are  given  in  TaMe  E  Ih*1ow. 

For  the  slender  eolumns,  another  formula  ^EulorV,  long  binoo 
deduced)  was  usihI  l»y  Johnson.     Its  general  form  is — 

V  n  .      . 

A         (I  -H  r)-  ^      ' 

n  lM*ing  a  conptant  whose  valuett,  ai*iH)nling  to  Johnson,  are  given 
in  till*  following  tahle: 

TABLE  e. 

DaU  for  .%IUd-5tc«l  C«I««m. 

8  m  Limil  (I  «  r)    |  n 


Klatj^mU  Til^Un}  iso  nCi  (MI.UIMII) 

Thi*  numlM*rK  in  tho  fourth  <'«iluiiii)  (»f  tin'  tJiMo  iiiArk  tho  |ioint  c>f  divi 
nion  lM*tWf4*n  rolumnK  «tf  (inlinnry  li*n^th  nml  hlmdor  roIumnA.  Fur  the 
former  kiml,  thr  Mraitfht  lim*  furiiiuU  a|>|»li(T«:  And  fur  tho  iwsrond,  KulrrV. 
That  IN  if  th(*  ratio  /  •  r  for  a  bt«*4*l  iNilumn  with  hintp^l  ond,  for  rxAm|>lf»,  in 
ItviK  than  111),  wi*  iuu»t  um*  tlio  ntraiKht  liti«»  formula  to  «*oni|iuto  it«t  Mifo  hiail, 
faA*t<»r  of  .safi*ty,  vie  ;  hut  if  tho  ratio  i-«  i;n*ator  than  UX\  wo  mu^t  um*  Kuler'a 
formula. 

For  (vijif  irtnt  ntlumnn  with  fiat  omlN  S  .'il.iili,  ami  m  HH;  and  nince 
thry  nhoulil  novrr  )n«  umsI  **  ?•  li>nilor,"  thon*  if*  no  um*  of  Kuh*r'ii  formula  for 
caitt  imn  o«ilumn.H. 

nie  liin»  \l\.  Fig.  *)(),  represents  Johnson's  straight-line  for. 
mula;  and  IK\  Kuli*r*s  ftiriuuhi.  It  will  U*  ndticHMl  that  the  two 
lines  are  tnngi*nt;  tin*  |H»ini  of  tniigeii(*y  eorn*s|M>nds  to  the  ••lim- 
iting vnlue**  f    :     r,  us  indieut<*<l  in  the  tiihle. 

JCxtirnj»lts,     1.     A  40{)ound  l0.in«*h  litetd  I-hoam  column  8 
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feet  long  sustains  a  load  of  100,000  pounds,  and  the  ends  are  flat. 
Compute  its  factor  of  safety  according  to  the  methods  of  this 
article. 

The  first  thing  to  do  is  to  compute  the  ratio  Z  -h  /•  for  the 
column,  to  ascertain  whether  the  straight-line  formula  or  Euler's 
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Fig.  50. 

formula  should  be  used.  From  Table  C,  on  page  70,  we  find  that 
the  moment  of  inertia  of  the  column  about  the  neutral  axis  of 
its  cross-section  is  9.50  inches*,  and  the  area  of  the  section  is 
11.76  square  inches.     Hence 

9.50 


7^  = 


11.76 


=  0.81;  or  /•  =  0.9  inch. 


Since  1  =  8  feet  =  96  inches, 

Z    _    96 
r  ""  0.9 


=  106^ 


This  value  of  I  -7-  7*  is  less  than  the  limiting  value  (195)  indicated 
by  the  table  for  steel  columns  with  flat  ends  (Table  E,  p.  97),  and 
we  should  therefore  use  the  straight-line  formula;  hence 

P  2 

— —  ==  52,500  -  180  X  106-;t-; 

or,  P  =  11.76  (52,500  -  180  X  lOO-J-)  =  391,600  pounds. 

This  is  the  breaking  load  for  the  column  according  to  the  straight* 
line  formula;  hence  the  factor  of  safety  is 

391,000 


100,000 


=  3.9 
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2.  Suppose  that  the  length  of  the  column  described  in  the 
preceding  example  were  16  feet.    What  would  its  factor  of  safety  be? 

Since  Z  =  16  feet  =  192  inches;  and,  as  before,  r  =  0.9 
inch,  I  -^  r  =  213^.  This  value  is  greater  than  the  limiting 
value  (195)  indicated  by  Table  E  (p.  97)  for  flat-ended  steel  col. 
omns;  hence  Euler's  formula  is  to  be  used.     Thus 

P  666,000,000 


2         9 


11.76  ""      (213^) 

,,       11.76x666,000,000       ,^^,^^ 
or,  P  = (213\Y     —  =  172,100  pounds. 

This  is  the  breaking  load;  hence  the  factor  of  safety  is 

172,100 


100,000 


=  1.7 


3.  What  is  the  safe  load  for  a  cast-iron  column  10  feet  long 
with  square  ends  and  hollow  rectangular  section,  the  outside 
dimensions  being  5x8  inches  and  the  inside  4x7  inches,  with  a 
factor  of  safety  of  6  ? 

Substituting  in  the  formula  for  the  radius  of  gyration  given 
in  Table  A,  page  52,  we  get 


=j: 


=  1.96  inches. 


12  (8  X  5  -  7  X  4) 
Since  2  =s  10  feet  =  120  inches, 

I  120 


1.96 


=  61.22 


According  to  the  straight-line  formula  for  cast  iron,  A  being 
equal  to  12  square  inches, 

^  =  34,000  -  88  X  61.22; 

or,  P  =  12  (34,000  -  88  X  61.22)  =  848,360  pounds. 

This  being  the  breaking  load,  the  safe  load  is 
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EXAMPLES  FOR  PRACTICE. 

1.  A  40-ponDd  12.iDch  steel  I-beam  10  feet  long  is  used  as 

a  flat-ended  column.     Its  load  being  100,000  pounds,  compute 

the  factor  of  safety  by  the  formulas  of  this  article. 

Ans.     3.5 

2.  A  cast-iron  column   15   feet   long   sustains   a  load    of 

150,000  pounds.     Its  section  being  a  hollow  circle  of  9  inches 

outside  and  7  inches  inside  diameter,  compute  the  factor  of  safety 

by  the  straight-line  formula. 

Ans.     4.8 

8.  A  steel  Z-bar  column  (see  Fig.  46,  a)  is  24  feet  long 
and  has  square  ends;  the  least  radius  of  gyration  of  its  cross- 
section  is  3.1  inches;  and  the  area  of  the  cross-section  is  24.5 
square  inches.  Compute  the  safe  load  for  the  column  by  the 
formulas  of  this  article,  using  a  factor  of  safety  of  4. 

Ans.     219,000  pounds. 

4.  A  hollow  cast-iron  column  13  feet  long  has  a  circular 

cross-section,  and  is  7  inches  outside  and  5^  inches  inside   in 

diameter.     Compute  its  safe  load  by  the  formulas  of  this  article, 

using  a  factor  of  safety  of  6. 

Ans.     68,600  pounds 

5.  Compute  by  the  methods  of  this  article  the  safe  load  for 
a  40-pound  12-inch  steel  I-beam  used  as  a  column  with  flat  ends, 
**f  the  length  is  17  feet  and  the  factor  of  safety  5. 

Ans.     35,100  pounds. 

87.     Parabola-Euler  Formulas.     As  better  fitting  the  results 

of  tests  of  the  strength  of  columns  of  "  ordinary  lengths,"  Prof. 

J.  B.  Johnson  proposed  (1892)  to  use  parabolas  instead  of  straight 

lines.     The  general  form  of  the  "  parabola  formula  "  is 

P=S-..(4:r>  (13) 


A 


r 


P,  A,  I  and  r  having  the  same  meanings  as  in  Rankine's  formula, 
Art.  83;  and  S  and  7n  denoting  constants  whose  values,  according 
to  Professor  Johnson,  are  given  in  Table  F  below. 

Like  the  straight-line  formula,  the  parabola  formula  should 
not  be  used  for  slender  columns,  but  the  following  (Euler's)  is 
applicable: 
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00 


(14) 


A  ''     {I    V    rY 
the  vaiuos  of  ii  (Johnson)  U^in^  ^ivi*n  in  tho  following  tuhic: 

TABLE  F. 

DaU  tor  niM  Stc«l  Colaanji. 


IlinKiHl  pniLi, 
Flat  endn. . 


42,010 


o.jr? 

<M12 


I     Limit  (I  <   r) 

nio 


4ri<uii)/iii) 


Tho  |Hiint  of  tliviKion  iN^tntvn  rolumnn  nf  tinlinary  Im^tli  nn<1  ttlrndor 
culumnH  in  i^vcn  in  tht*  ft  Mirth  column  of  tht*  tablt*.  That  in.  if  the  ratio  /-rr 
for  a  column  with  hin^^**!  cmK  for  fxamplr.  in  U*fii«  than  l.'o,  thr  paraUila 
formuhi  fihoultl  lie  umhI  to  romputi*  the  nafo  U*i\*\,  factor  **t  wifctr,  etc.;  but 
if  the  ratio  in  i;rt*atcr  than  l.'iO.  then  Kulcr'n  fi»rmuhk  nhouM  U*  um**!. 

Tho  lino  AH,  Fit;.  Til,  rf*|iro!«ontii  tho  paralnila  formula;  antl  tho  line 
B(\  Kulor'a  formula.  Tho  tiAo  lini*9  aro  tan);ont.  an«l  tho  [»oint  of  tangoooj 
contie|N>n(1«  to  tho  *' limiting;  valm***  /  r  r  of  tho  taMo. 

For  u'iHHUn  colvmnM  !«t|uaro  in  crt^w-iwctiiin.  it  in  con\oniciit  ti>  roplace 
r  hr  d,  tho  lattor  douotinK  tho  lonj^th  of  tho  8i(h*8  nf  tho  iM|uaro.  Tho  formula 
becomes 


A 


S 


//« 


r/ 


S  anil  fii  for  flat  on^lotl  columnn  of  various  kin<iii  of  wooil  huvint;  tho  follow 
in^   valuf^ii   accofilint;   to   Frofonnor  .lolmfion: 

Ft.r  White   pino.  S-'J.r,iK>,  mrzD.rt; 

••     Sh.irt  leaf   vcllnw   pirn-.  S-3.3«mi,  m—O.:; 

•*     I«<inK  loaf   vi'llotr    pine.   S— •,<»"<».  m~0.«<; 

••     Whito   oak.  S— n.r»iM».  m  =  n.M, 

Tho  pr<N**s!in)»  fiirmiil:i  stpplif?*  t«i  any  wniHlon  cnlumn  viho^o  ratio,  l-^d^ 

It  leae  than  ((1^  mithin  which  limit  c«ilumnii  of  practice  aro  iuclu<lo«l. 


iOOOO*  > 


100  200 

Fltf.  ."il. 


iLxtiffipli*.     1.     A  4<)-{Miun(l   10  inch  Hteel    I  lK«ni  column 
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8  feet  long  sustains  a  load  of  100,000  pounds,  and  its  ends  are  flat. 
Compute  its  factor  of  safety  according  to  the  methods  of  this 
article. 

The  first  thing  to  do  is  to  compute  the  ratio  Z  -J-  r  for  the 
column,  to  ascertain  whether  the  parabola  formula  or  Euler's  for- 
mula should  be  used.  As  shown  ip  example  1  of  the  preceding 
article,  I  -^  r  =  106§.  This  ratio  being  less  than  the  limiting 
value,  190,  of  the  table,  we  should  use  the  parabola  formula. 
Hence,  since  the  area  of  the  cross-section  is  11.76  square  inches 
(see  Table  C,  page  70), 

jJL_  =  42,000 -0.62  (1061)- 

or,  P  =  11.76  [42,000  -  0.62  (106f )»]  =  410,970  pounds. 

This  is  the  breaking  load  according  to  the  parabola  formula;  hence 

the  factor  of  safety  is 

410,970  _  .  . 

100,000 

2.  A  white  pine  column  10  X  10  inches  in  cross-section  and 
18  feet  long  sustains  a  load  of  40,000  pounds.  What  is  its  faotor 
of  safety  ? 

The  length  is  18  feet  or  216  inches;  hence  the  ratio  I  -~-  d  = 
21.6,  and  the  parabola  formula  is  to  be  applied. 
Now,  since  A  =  10  X  10  =  100  square  inches, 

P 
j^-  =  2,500  -  0.6  X  21.6^; 

or,  P  =  100  (2,500  -  0.6  X  21.6^)  ==  222,000  pounds. 

This  bein^'^  the  breaking  load  according  to  the  parabola  formula, 
the  factor  of  safety  is 

222,000  _ 

40,000   ~  ^'^ 

3.  What  is  the  safe  load  for  a  long-leaf  yellow  pine  column 
12  X  12  inches  square  and  30  feet  long,  the  factor  of  safety 
being  5? 

The  length  being  30  feet  or  360  inches, 

?  _  360  _ 
5  ""  "12"  -  ^^' 
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heiuv  the  {MirHlNilu  foniiuln  hIkiuM  In*  umiI.     Siiitv  A        V2   -    1*J 
1(4  B4]uari*  iiiohi*H, 

or,  P  -     144  (4,(HH)-  O.S  x  :J0-)        472.:WO  jwuiids. 

Tliid  l»ein^  the  liivakin^  load  lUTonliii^  tti  tlu>  jMiralKila  foriiitila, 
tlu*  safe  Kmd  irt 

472,320       .  ,  ,  .^ 

. :  -  U4,4<»5  iMiunds. 

o  ' 

EXAMPLES  FOR   PRACTICE. 

1.  A  4(>-[)ound  12-itK*li  hUvI  I)H*ain  In  ftvt  I<»ii^  in  uimhI  aa 
a  tIat-riidcMl  col  inn  IK  It8  loail  lH*iii^  1<N),(NH)  |K)UiidH,  c*nin|»ute  its 
factor  of  HafctY  )»V  tlic  fortiiuIaH  of  thiH  article. 

2.  A  white  oak  coluiiin    15    fivt    h»n^  HUstainrt  a  hmil  of 

IM),(NN)   {Miuiids.      Ita  M*i*tion  Umii^  H    •    s  inches,  compute    tho 

factor  of  Hafety  ))Y  the  |karalK>la  ftirinula. 

Ann.     i\,0 

3.  A  Btet»l  Z-t»ar  column  (mt»  V\fi.  4<i,  */)  is  24  feet  lon^and 
\\tk»  s<|uan«  ends;  the  least  radius  of  gyration  of  its  cn»ss-s(H*tioii 
id  IM  inches;  and  tho  art*a  of  its  cross. s<H*t ion  is  24.5  Bi|uaro 
inches.  (\>mjnite  the  nafe  load  for  the  (*oluuin  hy  the  formulaa 
of  this  article,  using  a  factor  c»f  wifety  t»f  4. 

Ans.     224,500  [NUinds. 

4.  A  Bhort.li*nf  yellow  |»ine  column  H    -    14  inchi*rt  in  s«*c- 

tion  is  20  fivt  lonp     Wliat  huid  can   it  hUhtain,  with  a  facti»r  i>f 

safety  of  0  ? 

Ans.   101,100  {Hiuntls. 

88.     ••  Broken  StraiKht-Llne  "  Formula.     A  larp*  stetd  com. 

jiany  computes  the  htn*ngth  of  its  tlat  «'nde«i  steel  columns  )»y  two 

formulas  repreH«Mite«l  l>y  two  straight  lines  AH  and  1U\  Fig.  52. 

Tlie  formulas  are 

P 

-,-  .     4s,(HM\ 
A 

V  I 

and  -r  ==  ns.4(H)  -  22^    -, 

A  r 

Pi  A,  /,  and  r  having  the  same  meanings  as  in  Art.  88. 
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The  point  B  corresponds  very  nearly  to  the  ratio  I  -i-  r  =  90. 
Hence,  for  columns  for  which  the  ratio  I  -i-  r  i&  less  than  90,  the 
first  formula  applies;  and  for  columns  for  which  the  ratio  is 
greater  than  90,  the  second  one  applies.  The  point  C  corre- 
sponds to  the  ratio  I  -^  r  =  200,  and  the  second  formula  does  not 
apply  to  a  column  for  which  I  -^  r  is  greater  than   that  limit. 


P-f-A 

50000- 

\ 

-^oooo- 

A 

^\ 

3o6od 

\ 

N. 

20000- 

1^ 

lOOOO ' 

o 

-  « 

!\+r 

1 

lOO 
Fig. 

62. 

200 

The  ratio  I  -i-  r  tor  steel  columns  of  practice  rarely  exceeds  150, 
and  is  usually  less  than  100. 

Fig.  53  is  a  combination  of  Figs.  49,  50,  51  and  52,  and 
represents  graphically  a  comparison  of  the  Rankine,  straight-line, 
Euler,  parabola-Euler,  and  broken  straight-line  formulas  for  flat- 
ended  mild-steel  columns,  It  well  illustrates  the  fact  that  our 
knowledge  of  the  strength  of  columns  is  not  so  exact  as  that,  for 
example,  of  the  strength  of  beams. 


10000-- 


lOO 


200 


300 


F'lfr.  53. 


89.     Design  of  Columns.     All  the  preceding  examples  relat- 
ing  to  columns  were  on  either  (1)  computing  the  factor  of  safety 
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of  a  pven  luadtHl  column,  or  (2)  computing  tho  safe  load  for  a 
^iven  column.  A  moit^  im|K>rtant  prohltMu  irt  to  cUnii^i  a  column 
to  BUKtain  a  pven  load  under  giwn  conditionn.  A  cHimplcto  did- 
cussion  of  this  problem  is  given  in  a  later  |iii|M>r  on  desipi.  We 
show  here  men»ly  how  to  compute  the  flhttfu^umn  of  the  cross- 
section  of  the  column  after  the  form  of  the  cross-section  has  been 
d(H!ided  U[K)n. 

In  only  a  few  cast's  can  the  dimensions  Ih*  compuUnl  din<ctly 
(S<*e  example  1  following),  but  usually,  when  a  column  formula  is 
applitnl  to  a  certain  cnne,  then*  will  Ik*  two  unknown  (juantities  in 
it,  A  and  /*  or  //.  Such  cas<*s  (*an  Ik^sI  Ix*  solvetl  by  trial  (set* 
examplt*s  2  and  3  1k*1ow). 

Kjfimjfif.  1.  What  is  the  pro{M*r  size  of  whitt*  pine  column 
to  sustain  a  load  of  8<MNN)  jKiunds  with  a  factor  of  safety  of  5, 
when  the  length  of  the  column  is  22  fet*t  i 

We  UM*  the  ]MiralK>la  formula  <t*<]uation  13 1.  Since  the  safe 
load  is  SIMKH)  {Kmnds  and  the  fai*tor  of  safety  in  5,  the  brt^king 
load  V  is 

MMKX)  X  5       400.000  jwunds. 

The  unknown  side  of  the  (Stjuaret  cn>ss-st«ction  l>eing  denoted  by 
«/,  the  an*a  A  is  (P.     Hence,  substituting  in  the  formula,  since  / 
22  feet        2r»4  inches,  we  have 

1!1<;;?^.»     2,r,0()-o.«*-«t'. 

Multiplying  Intth  sides  by  iP  gives 

4(HMHK)        2J}0i)  iP  ~  O.r*  x  2M\ 
or  2,600 1/>  rr  400,000  +  O.fl  x  204*  =  441,817.6. 

Hence  iT  =r    176.78,  or  il  =    13.3  inches. 

2.  AVhat  sizt*  of  cat«tirnn  column  is  netiKil  to  sustain  a  load 
of  liNM^M^  ]Miunds  with  a  factor  (»f  safety  of  10,  the  length  of  the 
column  iKMng  14  ftvt  t 

We  shall  sup]>ost*  that  it  has  Un^n  dei*idtHl  to  make  the  chnis. 
sectitm  circular,  and  shall  compute  by  lCiinkine*s  formula  miMiitit*d 
for  cast-inin  columns  (tnjuation  10' i.  The  breaking  loatl  for  the 
column  would  U* 
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100,000  X  10  =  1,000,000  pounds. 
The  length  is  14  feet  or  168  inches;  hence  the  formula  oecomes 

1,000,000  _  80,000 
A         -        168»' 
■*"  SOOcP 

or,  reducing  by  dividing  both  sides  of  the  equation  by  10,000,  and 
then  clearing  of  fractions,  we  have 

1^  [^  +  8^]  =  ^^' 

There  are  two  unknown  quantities  in  this  equation,  d  and  A,  and 
we  cannot  solve  directly  for  them.  Probably  the  best  way  to  pro- 
ceed is  to  assume  or  guess  at  a  practical  value  of  d^  then  solve  for 
A,  and  finally  compute  the  thickness  or  inner  diameter.  Thus,  let 
us  try  d  equal  to  7  inches,  first  solving  the  equation  for  A  as  far 
as  possible.     Dividing  both  sides  by  8  we  have 

100  r  168>  I 

^  ""    8    L^  +  800(?J' 

and,  combining, 

A  =  12.5  +  ~. 

Now,  substituting  7  for  d,  we  have 

441 
A  =  12.5  +  -j^  =  21.5  square  inches. 

The  area  of  a  hollow  circle  whose  outer  and  inner  diameters  are 
d  and  d^  respectively,  is  0.7854  ((P  -  d^).  Hence,  to  find  the  inner 
diameter  of  the  column,  we  substitute  7  for  d  in  the  last  expres- 
sion, equate  it  to  the  value  of  A  just  found,  and  solve  for  d^.  Thus, 

0.7854  (49-^^2)  =  21.5- 
hence 

*^-'^'  =  0^4  =  27.37; 

and  rf,'  =  49  -  27.37  =  21.63  or  d^  =  4.65. 

This  value  of  d  makes  the  thickness  equal  to 

J  (7  -  4.65)  =  1.175  inches, 
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which  is  safe.     It  might  be  idnsable  in  an  actual  caae  to  try 
d  tM|ual  to  8  repeating  the  coniputation.* 

EXAMPLE  FOR  PRACTICE. 

1.  What  HiztMif  whitt*  iMik  colniiiii  is  iirtMltsl  to  HUHtHin  a  hiad 
of  45,^)0  |M»inMlrt  with  u  fartor  i>f  Haft^ty  of  (»,  tin*  Uni^^th  of  tiit* 
column  l>ein^  12  ft*t*t. 

Ann.     //        >^A,  praotirallv  a  \K)   •    lO-incli  HtH'tion 

STRENGTH  OF  SHAFTS. 

A  ahaft  iis  a  |mrt  (»f  a  miiohiiu*  or  sy.^tfm  of  niachineH,  and  id 
umhI  to  trannmit  {K>wer  hy  virtue  of  its  torHional  ntron^th.  or  n^hint* 
aniH?  to  twi8ting.  ShaftA  an*  ahno^t  alwayn  much*  of  metal  an<l  art* 
usually  i*in*ular  in  croffH-Bt*i*tion,  Umu^  ttonu*timi*H  mailt*  hollow. 

90.    Twiatinf  Moment*     I^ct  AF,  Fi^.  ot,  n*pn*st*nt  a  shaft 
with  four  pulleys  on  it.     Sup|K)w  that  I>  is  the  driving  pulley 
and  that  It.  (*  and  K  an*  pulleyn  from  which  |»ower  id  taken  otf  t(» 
drive  machines.     The  {tortions  of  the  shafts  U-twivn  the  pulleys 


%u>  twiste<l  when  it  is  transmitting  {Niwer;  and  l»y  tin*  twi*>tin^ 
moment  at  any  en^ss-Ht'tion  of  the  shaft  is  tiifaitt  the  alj^ehraio 
sum  of  the  moments  (»f  all  the  fortvs  aetinc  on  the  ^haft  on  either 

•  NoTf.     Th«»    «triii'tiir.il    nU-^A    huiitUMHik^    iiii.t:iin    «*\t«i.*i\i*    t;il»l«^    hx 

Tbr  (lifli('iillii*4  «'iit'«iiiuti-r(^l  in  thf  u«4'  \*t  fi'rtiMil.i*  .-ir«*  y^*•\\  illu«!r:ilr*l  m  this 
cimmiili'. 
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side  of  the  section,  the  moments  being  taken  with  respect  to  the 
axis  of  the  shaft.  Thus,  if  the  forces  acting  on  the  shaft  (at  the 
pulleys)  are  P„  Pj,  Pg,  and  P^  as  shown,  and  if  the  arms  of  the 
forces  or  radii  of  the  pulleys  are  «j,  a^^  a^^  and  a^  respectively,  then 
the  twisting  moment  at  any  section  in 

BC  is  P,  a„ 

CD  is  P,  a,  +  P,  a,, 

D£  is  P,  a,  +  P,  a.,  -  P,  a^. 

Like  bending  moments,  twisting  moments  are  usually  ex- 
pressed in  inch -pounds. 

Example.  Let  a^  =  a^  =  a^  =  \?>  inches,  ag  =  30  inches, 
F,  =  400  pounds,  P,  =  500  pounds,  F,  =  750  pounds,  and  P^  = 
600  pounds.*  What  is  the  value  of  the  greatest  twisting  moment 
in  the  shaft  ? 

At  any  section  between  the  first  and  second  pulleys,  the 
twisting  moment  is 

400  X  15  =  6,000  inch-pounds; 

at  any  section  between  the  second  and  third  it  is 

400  X  15  +  500  X  15  =  13,500  inch-pounds;  and 
at  any  section  between  the  third  and  fourth  it  is 

400  X  15  +  500  X  15  -  750  X  30  =  -  9,000  inch-pounds. 
Hence  the  greatest  value  is  13,500  inch-pounds. 

91.  Torsional  Stress.  The  stresses  in  a  twisted  shaft  are 
called  ^Horsional"  stresses.  The  torsional  stress  on  a  cross-section 
of  a  shaft  is  a  shearing  stress,  as  in  the  case  illustrated  by  Fig.  55, 
which  represents  a  flange  coupling  in  a  shaft.  Were  it  not  for 
the  bolts,  one  flange  would  slip  over  the  other  when  either  part 
of  the  shaft  is  turned;  but  the  bolts  prevent  the  slipping.  Obvi- 
ously there  is  a  tendency  to  shear  the  bolts  off  unless  they  are 
screwed  up  very  tiglit;  that  is,  the  material  of  the  bolts  is  sub- 
jected to  shearing  stress. 

Just  so,  at  any  section  of  the  solid  shaft  there  is  a  tendency 
for  one  part  to  slip  past  the  other,  and  to  prevent  the  slipping  or 

*  Note.  These  numbers  were  so  chosen  that  the  moment  of  P  (driving 
moment)  equals  the  sum  of  the  moments  of  the  other  forces.  This  is  always 
the  case  in  a  shaft  rotating  at  constant  speed;  that  is,  the  power  given  the 
shaft  equals  the  power  taken  off. 
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Bhearin^  <»f  the  Himft,  tlioro  ant«o  Hlieiirin^  Htrt*HS4*s  at  all  {Mtrta  of 
thf  croH8.8tH'tion.  Tlu»  Khearin^  Hl^e^^  on  the  cnijsssii'lioii  of  a 
tthaft  is  not  a  niiiforin  Htn*st(,  itH  valiu*  |ht  unit -area  lK*int^  /em  at 
the  renter  of  the  8(*c*tion«  and  inereasin;;  towanl  tlu»  cireuniferenee. 
In  cin*ular  8t*etion(t«  solid  or  hollow,  the  hhearin^  htn*Bt(  |ier  unit- 
an*a  (Unit-Btn*it8)  varies  (liret*tlv  as  the  distanee  from  the  e<*nter 
of  the  section,  pn>videil  the  elastie  limit  is  not  exeee^lt**].  ThuH, 
if  the  shearing  unit-strt*ss  at  the  eir^'um  fere  nee  of  a  stn-tion   is 


III'  •k). 

1,(MN)  |Kmnds  [N*r  squan*  ineh,  and  the  diaUM'ttT  of  the  hhaft  is 
2  inches,  then,  at  A  inch  from  the  center,  the  unit  stress  is  r><HI 
|Miunds  ]N*r  square  inch;  and  at  }  inch  frt»m  the  center  it  is  *2TA) 
[N»unds  {MT  squan*  inch.  In  Fi^.  00  the  arrows  indiniti*  the 
valutas  and  the  dinH*tions  of  the  hhearin^  stresses  on  vitT  "inall 
|K)rtions  of  the  cn>ss -station  of  a  shaft  then*  rt'im'siMiti'*!. 

92.  ResistinfC  Moment.  Hy  **r«>istin^  moment**  at  a  si*c. 
tion  (»f  a  shaft  is  mt^ant  the  sum  of  the  momt*nts  of  the  hhearin^ 
Btress«*s  <»n  the  cross -stvt ion  aUiut  the  axis  of  tht*  shaft. 

I^»t  S,  <h*note  the  value  of  the  hht*arin^  htress  jmt  unit-an*A 
(unitstn*ss)  at  the  outer  ]M»ints  of  a  Hvtion  nf  a  hhaft;  7  the 
diameter  of  thi*  S4H*t ion  (outside  diameter  if  th«*  ^haft  i-4  hollow  1; 
and  #/,  the  in>ide  diameter.  Then  it  can  U*  hhoMU  that  there- 
Bisting  moment  is: 

Ft»r  a  solid  stvtion,    i).VM\:\  S.  r/"; 

ror  a  lii»llow  s<vtion,      -  . 

9j.     Formula  for  the  5trenfth  of  a  Shaft.     As  in  the  case 
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of  beams,  the  resisting  moment  equals  the  twisting  moment  at 
any  section.  If  T  be  used  to  denote  twisting  moment,  then  we 
have  the  formulas : 

For  solid  circular  shafts,  0.1963  Sg  c?  =  T;  ) 

For  hollow  circular  shafts,  — ^ -^ LZ  =  T.  (  \'5/ 

d  ) 

In  any  portion  of  a  shaft  of  constant  diameter,  the  unit- 
ehearing  stress  Sg  is  greatest  where  the  twisting  moment  is  greatest. 
Hence,  to  compute  the  greatest  unit-shearing  stress  in  a  shaft, 
we  first  determine  the  value  of  the  greatest  twisting  moment, 
substitute  its  value  in  the  first  or  second  equation  above,  as  the 
case  may  be,  and  solve  for  Sg.  It  is  customary  to  express  T  in 
inch-pounds  and  the  diameter  in  inches,  Sg  then  being  in  pounds 
per  square  inch. 

ExaTTiples,  1.  Compute  the  value  of  the  greatest  shearing 
unit-stress  in  the  portion  of  the  shaft  between  the  first  and  second 
pulleys  represented  in  Fig.  54,  assuming  values  of  the  forces  and 
pulley  radii  as  given  in  the  example  of  article  90.  Suppose  also 
that  the  shaft  is  solid,  its  diameter  being  2  inches. 

The  twisting  moment  T  at  any  section  of  the  portion  between 
the  first  and  second  pulleys  is  6,000  inch-pounds,  as  shown  in  the 
example  referred  to.  Jlence,  substituting  in  the  first  of  the  two 
formulas  15  above,  we  have 

0.1963  S3  X  2^  =  6,000; 

6,000  ^^^^ 

or,  Sg  =  0  i()f  q  V  K  ^^  3>820  pounds  per  square  mch. 

This  is  the  value  of  the  unit-stress  at  the  outside  portions  of  all 
sections  between  the  first  and  second  pulleys. 

2.  A  hollow  shaft  is  circular  in  cross-section,  and  its  outer 
and  inner  diameters  are  16  and  8  inches  respectively.  If  the 
working  strength  of  the  material  in  shear  is  10,000  pounds  per 
square  inch,  what  twisting  moment  can  the  shaft  safely  sustain  ? 

The  problem  recjuires  that  we  merely  substitute  the  values  of 

Sj,,  <7,  and  (\  in  the  second  of  the  above  formulas  15,  and  solve  for 

T.     Thus, 

^         0.1963  X  10,000  (16*  -  8*)        ^  ^^_  qoa  •     1 

1   =  — ^^ =  7,5d7,920  mch-pounda. 
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EXAMPLES  FOR  PRACTICE. 

1.  (\)iii|)iit4*  the  ^'atoAt  viilue  (if  tlu*  hlit^arint;  uiiitHtn*88  in 

tho  nhnft  n»j»n»st»nt<Hl   in   ¥\^,  HI,  usinc^  tin*  valufs*  of  tlu»  forcfs 

aii<l  |»nll(*y  radii  pvt*n  in  tht*  i*xain|il('  of  article  IH),  the  diameter 

uf  the  nhaft  Ikmii^  2  inchei*. 

A  IIS.     S,51>5  iMUindrt  jier  84|iiare  inch 

2.  A  Holid  shaft  is  oin*ular  in  en>tiH-8iH*tion  and  is  \K^i  inches 
in  diameter.  If  the  working  8tn*n^th  of  tht*  material  in  tfhear  id 
lOJ^^)  |»oundH  |M*r  H4|uan*  ineh,  how  larp*  a  twisting  numient  can 
the  shaft  safely  sustain  f  (The  an*a  of  thecniss-stH'tion  is  |iracti(*ally 
the  same  as  that  of  the  hollow  ^haft  of  example  2  prei*tMling.) 

Ans.  l,73tJ,736  inch|H)undfl. 

94-  Formula  for  the  Power  Whkh  a  Shaft  Can  Transmit. 
The  |M>wer  that  a  shaft  c.tn  safely  transmit  de|M*nds  on  the  shear- 
ing workintr  strength  of  the  matiTial  of  the  shaft,  on  the  size*  of 
the  cross- stH't ion,  and  on  the  s|M*tMl  at  which  the  shaft  rotates. 

Ii(*t  II  den<ite  the  anumnt  of  hors<*|)4>wer;  S,  the  sht^arinf^ 
working  stn*n^th  in  |M>unds  |N*r  stpiart*  inch;  </  the  diameter 
(Outside  diameter  if  the  shaft  is  hollow i  in  inches;  ^/^  the  insido 
diamet4*r  in  incht*s  if  tht*  shaft  is  hollow;  and  n  the  nnmlM*r  of 
revolutions  of  the  shaft  |M*r  minute.  Then  the  ndatiiin  U*tweeD 
|>ower  transmitttMl,  unit-stn*sd,  etc.,  is: 

For  soli<l  shafts,    II         'joi  i^^j  ' 


(i6) 
torhollowshafts,  11:-      .^.^1,,,,,/     •  . 

/'x'tt/ijf/f.t,  1.  What  horw.j)ower  can  a  holhiw  shaft  V\ 
Inchfs  and  s  inches  in  «liaineter  safely  tran!«ii»it  at  o(>  ri'volntiona 
[••r  minute,  if  tin*  shi-arinj;  w«»rkin^  stn»n^th  of  the  material  is 
lO/HM)  |M»unds  jMT  square  inrlif 

We  havt»  merely  to  bu^^*titutt*  in  the  stvond  of  the  tw<i  for* 
mulas  H»  aiNkve,  and  reiluc<*.     Thus, 

II  liji  iHM»        If,  •►,<HM»  horse.  jH)wer  I  nearly  u 

12.  What  >\/.i*  of  >oliJ  ^haft  is  netMliNJ  to  transmit  ♦»,<HM>  hormj. 
|)OWer  at  oO  revolutinns  |N*r  minute  if  the  sht*arin^  workiui) 
strength  of  the  material  is  10,(NH.)  |>ounds  |H«r  square  iocbt 
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We  have  merely  to  substitute  in  the  first  of  the  two  formulas 
16,  and  solve  for  d.     Thus, 

__  10,000  X  ^  X  50, 
D,uui;  -  321,000  ' 

^      ^  ^       6,000  X  321,000 

therefore  cP  =      io,000  X  50      =  ^'^^^^ 


or,  d  =  ^3,852  =  15.68  inches. 

(A  solid  shaft  of  this  diameter  contains  over  25%  more  material  than 
the  hollow  shaft  of  example  1  preceding.  There  is  therefore  considerable 
saving  of  material  in  the  hollow  shaft.) 

3.  A  solid  shaft  4  inches  in  diameter  transmits  200  horse- 
power while  rotating  at  200  revolutions  per  minute.  What  is  the 
greatest  shearing  unit-stress  in  the  shaft? 

We  have  merely  to  substitute  in  the  first  of  the  equations  16, 
and  solve  for  Sg.     Thus, 


200  = 


Sg  X  4»  X   200 
321,000 


200  X  321,000       .^,.  ,  .    , 

or,     b  =  — .3        Q^^ —  =  5,01d  pounds  per  square  inch. 

EXAMPLES  FOR  PRACTICE. 

1.  What  horse-power  can  a  solid  shaft  9.6  inches  in  diameter 
safely  transmit  at  50  revolutions  per  minute,  if  its  shearing  work- 
ing strength  is  10,000  pounds  per  square  inch  ? 

Ans.     1,378  horse-power. 

2.  What  size  of  solid  shaft  is  required  to  transmit  500  horse- 
power at  150  revolutions  per  minute,  the  shearing  working  strength 
ot  the  material  being  8,000  pounds  per  square  inch. 

Ans.     5.1  inches. 

3.  A  hollow  shaft  whose  outer  diameter  is  14  and  inner  6.7 
inches  transmits  5,000  horse-power  at  60  revolutions  per  minute. 
What  is  the  value  of  the  greatest  shearing  unit-stress  in  the  shaft? 

Ans.     10,273  pounds  per  square  inch. 

STIFFNESS  OF  RODS,  BEAMS,  AND  SHAFTS. 

The   preceding   discussions    have  related  to  the  strength  of 
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materials.     Wo  shall  now  consider  priiKM|MiIly  llu*  thnnjiitiun  of 

rOiln^  lit  Hn'tiim  nf  ht'iUHH^  IIIkI   ffrtJtf  nf  tthilftM. 

•  •  •         * 

95.     Coefficient  of  Elastkity.      Aivonlin^    to    II(M»kr*8    Iaw 

(Art.  *•,  [I.    7  I,  tin*  t'loti^tioiiri  of  a  nxl  siilgtH'tinl  iu  an  iluTra^i^^ 

pull  an*  pro|M)rtional  to  tho  pull«  providinl  that  tht*  Htri*ss<*8  diit*  to 

tht*  pull  do  not  cM^tMMl   the  tdantii*  limit  of  tin*  inati*rial.     Within 

th(*  idaAtii*  limit,  tht*n,  tlu*  nitio  of  tht*  pull  and  tht*  tdon^ation  is 

conntant;  ht*nr«*  tht*  ratio  of  tht*  unitstrrss  idut*  to  tin*  |>ulli  to  tht' 

unit-t*Ionpition   in  also  i*onHtaiit.     Thin  last-namtHl  ratio  is  t*allt*ti 

**c(H*tru*it*nt    of  t'laslioitv."      If   K  <lt*nott's   this  ttH*tlieit*nt,  S  the 

unit-8trt*ss,  and  h  tht*  unit-dt*formation,  tht*n 

K         ^  .  (17) 

(\M*fnoi(*ntti  of  olahtioity  an*  usually  oxpn^Hr^nl  in  |M>umU  |M*r  h<|uarp  inch. 

Tht*  pnH*t*tlin^  ri*nuirks,  drtinition,  an<l  furmula  apply  also  to 
a  cast*  of  t*omprt*ssion,  providcil  that  tht*  matt*rial  U^in^  t*timprt*sst*<l 
tltH*s  not  lK*nd,  hut  simply  hhortt*ns  in  tht*  dirt«c*tion  t>f  tht*  o<»m- 
prt'ssin^  fonv»%.  Tht*  following  tahit*  j^ivos  tht*  tnuriitj*  valut*s  of 
the  oot*t)ii*it*nt  t)f  elasticitv  f(»r  various  matt*rials  of  oonstruotitin: 

TABLE  O. 

Cocfricl««to  of  ElMtlclty. 


Matrrial. 


Av«*r«ir«»  (*«>rffk*irnt  «>f  Kla>tirit|'. 


StiM'l      ;|[).0IIMII)  |K>un(U  jKT  fvi|uan*  inrh. 

\Vn»u>:ht  mm |27.:oM">        «         ^         «  ». 

Cn^^t  mm I  1.\UIM»«»        «  -  -  ♦. 

TiniU-r I    l.Hi«Mi(i)        .4         ^         m  m 


Thf»  r«H'fl-iHn!^  i»f  «<lafitt«-it v  t\*T  i»t«i*l  nn«l  wri»u>»ht  ir«»n,  fi»r  •liffrr^tit 
i;ni<l4*i«  tif  tlmw  riiattriiiN.  art*  r«*riiarka!»lT  ('(UintAiit ;  but  f«»r  •liffcmit  grn«U*n 
of  «a»it  iron  tho  CiH-flit  i«titii  ninj:<»  fri»m  a!>*»ut  in.tMMi.iMMi  t(»  .Im.'mhmmh*  |MiuntU 
|MT  »<niarf  inrli.  Naturally  tlio  r«M«f!jri«iit  ban  imt  th«»  winir  %ahit'  for  th« 
<lifft'rrnt  kin*l«  of  niMul;  fur  th«*  priixipnl  wihmIii  it  mntsni  from  1.64N),(HK) 
(for  •prui'iM   to  jJiHMMM)   1  for  wbitr  <»ak). 

Formula  17  t*an  Ik*  put  in  n  form  mort*  t*onvt*nit*nt  for  US4\  aa 
ft)llous  : 

\a'\  V  tIfiMitt*  tht»  f«»n*t*  protlu(*in^  thr  d«*formation  ;  .V  the 
area  t>f  tin*  fnwssfetion  of  the  pieee  on  uhieh  V  acts  ;  /  the  len^h 
of  the  piect* ;  and  I)  the  defonuation  ^elongation  or  Bhorteninf^. 
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Then 

S  =  P  -H  A  (see  equation  1), 
and  «  =  D  H-  Z  (see  equation  2). 

Hence,  substituting  these  values  in  equation  17,  we  have 

E  =  ^;orD  =  ^.  (17') 

The  first  of  these  two  equations  is  used  for  computing  the  value  of 
the  coefficient  of  elasticity  from  measurements  of  a  "  test,''  and 
the  second  for  computing  the  elongation  or  shortening  of  a  given 
rod  or  bar  for  which  the  coefficient  is  known. 

Examples.  1.  It  is  required  to  compute  the  coefficient  of 
elasticity  of  the  material  the  record  of  a  test  of  which  is  given  on 
page  9. 

Since  the  unit-stress  S  and  unit-elongation  8  are  already 
computed  in  that  table,  we  can  use  equation  17  instead  of  the  first 
of  equations  17'.  The  elastic  limit  being  between  40,000  and 
45,000  pounds  per  square  inch,  we  may  use  any  value  of  the 
unit-stress  less  than  that,  and  the  corresponding  unit-elongation. 

Thus,  with  the  first  values  given, 


Witli  the  second, 


5,000 
^  =  (UJOOlT  =  29,400,000. 


E  =  Wm  =  28,600,000. 


This  lack  of  constancy  in  the  value  of  E  as  computed  from  different 
loads  in  a  test  of  a  given  material,  is  in  part  due  to  errors  in  measuring  the 
deformation,  a  measurement  diflfieult  to  make.  The  value  of  the  coeflficient 
adopted  from  such  a  test,  is  the  average  of  all  the  values  of  E  which  can  be 
computed  from  the  record. 

2.  IIovv  much  will  a  pull  of  5,000  pounds  stretch  a  round 
steel  rod  10  feet  lonjr  and  1  inch  in  diameter? 

We  use  the  second  of  the  two  formulas  17'.  Since  A  = 
0.7S54  X  1'  ^  0.7854  square  inches,  /  .  120  inches,  and  E  := 
30,000,000  pounds  per  s(juare  inch,  the  stretch  is: 

^         5,000  X  120  .     ^^^..  .     , 

0.78o4  X  30,000,000 
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EXAMPLES  FOR  PRACTICE. 

1.     What  Ih  the  ccx^tiioiriit  iif  clastirity  of  h  iiiHtc*riHl  if  a  ])iill 

of  2<MNN)  |K»iiii(lrt  will  8trt*tcb  a  nnl  1  inrii  in  iliiiiiuaor  and  4  ft*t*t 

long  (M)45  inch  i 

An«.  27,(HH),<KH)  |K)nn(iH  [ht  Hi}uan«  inch. 

i,  1I(»w  nnioh  will  a  pull  of  lo^lKN)  |MHinilH  clon^to  a  round 
cast-iron  rtNi  10  fit*t  lon^  and  1  inch  in  diiiinrtcr  i 

Ann.  0.152  inch. 

96.    Temperature  5treMes.     lu  the  ca8<*  of  niont  niatcrialti. 

when  a  Iwr  or  hmI   iH  ht*att^l,  it  len^thenH;  and   when  ciKile^l,  it 

shortens  if  it  is  fn*t«  to  do  ho.     The  coefficient  of  linear  ex|Minsion 

of  a  material  irt  the  ratio  which  the  elonpiti(»n  (^um*^!  in  a  rod  or 

l»ar  of  the  material  hy  a  change  of  one  dt^nv  in  tem|N*ratun*  U^ara 

to  the  length  of  the  hmI  or  Imr.     It»«  valued  for  Fahrenheit  de^n«t»a 

trv  alM)Ut  as  followt*: 

For  Stwl,  o.iM«i«itl\ 

For  Wmufrht  iitm,    .lUHurT, 
For  Cast  irtin,  jiMYKHtL 

Ix't  K  Ik*  ummI  to  denote  this  e(M*t)icient;  f  a  change  of  tem- 
perature, in  decrees  FahriMiheit;  /  the  length  of  a  nwl  or  h.ir; 
and    I>  the  change  in   length  due  to  the  chanp*  of  tem|M*rature« 

Tlien 

I)        K//.  (|8) 

I>  and  /  An*  ei|»rf*Hr««Hl  in  th<«  r^aim*  unit. 

If  a  hmI  or  har  is  (*ontineil  or  n*stniine<l  mi  that  it  cannot 
chanp*  its  leiit/th  wht*n  it  in  heati^l  or  e(M»li*d,  then  any  change  in 
its  teiii|N*rature  pnMiui*<'s  a  htn*sH  in  ihe  nxl;  itueh  are  calle«l  tern* 
perature  stresses. 

Kxtimphs,  1.  A  ht<fl  nxl  cornHfi**  twti  Hilid  walls  and  is 
8<*rewtil  U|»  so  that  the  unit-stn*sH  in  it  \r^  10<NN)  |MMnids  tier 
H|uan*  ineh.  Its  teni|H*ratun*  falls  lo  de^rt^^s,  and  it  is  olis«TVed 
that  the  walls  have  not  U^tMi  drawn  toi^fthiT.  What  \i*  tht*  t(*ni|ter- 
atun*  stress  |>nMlu(H*«l  hy  tht*  rhiini^e  of  tfni|N*rature,  and  what  is 
the  aetual  unit-»*trt*>s  in  the  hmI  jit  the  new  tt*ni|M*nitun*  f 

lift  /  denote  tin*  length  *if  the  hkI.  TIhmi  tin*  change  in 
length  whirh  wtiuld  iMvur  if  tin*  pn|  wrre  fre<*,  is^i\i«n  l»y  formula 
IH,  alK>v«*,  thu?^: 

I)         U.(KMKHH;r)    .     lu    .     /         O.lKKHHJo  /. 
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Now,  since  the  rod  could  not  shorten,  it  has  a  greater  than  normal 
length  at  the  new  temperature;  that  is,  the  fall  in  temperature  has 
produced  an  effect  equivalent  to  an  elongation  in  the  rod  amount- 
ing to  D,  and  hence  a  tensile  stress.  This  tensile  stress  can  be 
computed  from  the  elongation  D  by  means  of  formula  17.     Thus, 

S  =  E  «; 

and  since  «,  the  unit-elongation,  equals 

D  .00000657 


/    ""  I 


=  .0000066, 


S  =  30,000,000  X    .0000065  =  195.0  pounds  per  square  inch. 
This  is  the  value  of  the  temperature  stress;  and  the  new  unit- 
stress  equals 

10,000  +  195.0  =  10,195  pounds  per  square  inch. 

Notice  that  the  unit  temi)erature  stresses  are  independent  of  the  length 
of  the  rod  and  the  area  of  its  cross-section. 

2.  Suppose  that  the  change  of  temperature  in  the  preceding 
example  is  a  rise  instead  of  a  fall.  What  are  the  values  of  the 
temperature  stress  due  to  the  change,  and  of  the  new  unit-stress  in 
the  rod  ? 

The  temperature  stress  is  the  same  as  in  example  1,  that  is, 
1,950  pounds  per  square  inch ;  but  the  rise  in  temperature 
releases,  as  it  were,  the  stress  in  the  rod  due  to  its  being  screwed 
up,  and  the  final  unit  stress  is 

10,000  -  1,950  =  8,050  pounds  per  square  inch. 

EXAHPLE  FOR  PRACTICE. 

1.  The  ends  of  a  wrought-iron  rod  1  inch  in  diameter  are 
fastened  to  two  heavy  bodies  which  are  to  be  drawn  together,  the 
temperature  of  the  rod  being  200  degrees  when  fastened  to  the  ob- 
jects. A  fall  of  120  degrees  is  observed  not  to  move  them. 
What  is  the  temperature  stress,  and  what  is  the  pull  exerted  by 
the  rod  on  each  object  ? 

j  Temperature  stress,  22,000  pounds  per  square  inch. 

^''^-  I  Pull,  17,280  pounds. 
97.     Deflection  of  Beams.     Sometimes  it  is  desirable  to  know 

how  much  a  given  beam  will  deflect  under  a  given  load,  or  to  design 
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a  beam  which  will  not  defU^c't  tiion*  thun  a  certain  amount  nnder  a 
given  load.  In  Table  R,  [wige  .Vi,  riirt  I,  are  given  formulas  for 
deflt*ction  in  certain  cases  of  U^aiuB  and  diffen^nt  kinds  of  loailing. 

In  thoH4«fonnulaH,fldonotO}4defl(«ction:  1  the  iiKimrut  «if  inertia  of  th<» 
croMMi'tioD  of  the  U*iim  with  resfHH't  to  tht*  neutral  nxiii,  as  in  c»quAtion  A; 
and  K  the  coefficient  of  elaaticit^r  of  the  material  of  the  U*am  (for  values,  aee 
Art.  9S). 

In  each  ca«e,  the  load  nbould  lie  ex|»r(*iifte<I  in  |>oundR«  the  lonj^th  in 
inchen,  an<I  the  moment  of  inertia  in  bi<)uadnitic  inches;  then  the  deflection 
will  be  in  incheii. 

Acconling  to  the  formulas  for  #/,  the  deflection  of  a  ))eam 
varies  inverstdy  as  the  ccK*tKcient  of  its  material  (E)  and  the  mo- 
ment  of  inertia  of  its  cross  sei't ion  (I) ;  also«  in  the  first  four  and 
last  two  ceases  of  the  table,  the  deflection  varies  direi*tly  as  the  cube 
of  the  length  (/*). 

Kxiitnple.  What  defle(*tioii  is  canse«l  by  a  uniform  load  of 
H,4(K)  pounds  (including  weight  of  the  U^am)  in  a  wooch^n  l)eam 
on  end  su|>|M)rts,  which  is  12  ftvt  long  and  ((  <  12  inches  in 
cross. Miction  I  (Tliis  is  the  safe  loa<l  for  the  U^arn  ;  si*o  example 
1,  Art.  tW.) 

The  formula  for  this  cast^  (stn^  Table  R«  pagt*  lA)  is 

5  W/* 
:^4  EI  • 


./=  = 


Here   W  :  :  t^4(K)   ]Miunds  \     1     '-  114    inches  ;     E  -  :  1,H()(),000 
pounds  per  S()uan*  inch  ;  and 

I  ^=  --,,  W  •    .,,  ti  X  12*      M)4  inches*. 

IIenct«  the  defltvtion  is 

,  b   >    ri,4()0  >    144» 

EXAMPLES  FOR  PRACTICE. 

1.  (*ompute  the  <h*tltH*tion  of  a  timU*r  built. in   cantilever 

8  X  ^  inches  whirh  projtvts  S  ftvt  fn»m  the  wall  and  l»ears  an 

end  loa<l  of  IKM)  |K>unds.     (This  is  the  safe  load  f(»r  the  cantilever, 

see  example  1.  Art.  05.) 

Ans.     0.4S  inch. 

2.  Compute  the  deflinrtion  caust*d  by  a  uniform  load  of  40,000 
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pounds  on  a  42-pound  15-inch  steel  I-beam  which  is  16  feet  long 
and  rests  on  end  supports. 

Ans.     0.28  inch. 

98.    Twist  of  Shafts.     Let  Fig.  57  represent  a  portion  of  a 

shaft,    and  suppose  that  the  part  represented  lies  wholly  between 


Fig.  57. 

two  adjacent  pulleys  on  a  shaft  to  which  twisting  forces  are  applied 
(see  Fig.  54).  Imagine  two  radii  ma  and  7ih  in  the  ends  of  the 
portion,  they  being  parallel  as  shown  when  the  shaft  is  not  twisted. 
After  the  shaft  is  twisted  they  will  not  be  parallel,  ma  having 
moved  to  7na\  and  nh  to  nh\  The  angle  between  the  two  linec  in 
their  twisted  positions  {raa'  and  nU)  is  called  the  angXe  of  twist« 
or  ans^le  of  torsion,  for  the  length  I.  If  a  a"  is  parallel  to  aJ,  then 
the  angle  a"nV  equals  the  angle  of  torsion. 

If  the  stresses  in  the  portion  of  the  shaft  considered  do  not 
exceed  the  elastic  limit,  and  if  the  twisting  moment  is  the  same 
for  all  sections  of  the  portion,  then  the  angle  of  torsion  a  (in 
degrees)  can  be  computed  from  the  following: 

For  solid  circular  shafts, 


a 


584  TZ  _  3(),S00,000  11/ 

For  hollow  circular  shafts, 

5S4  Tld        80,800,000  HZ 

a  = 


^ 


y 


(19) 


Here  T,  ?,  <7,  </,,  IT,  and  71  have  the  same  meanings  as  in  Arts.  93 
and  94,  and  should  be  expressed  in  the  units  there  used.  The 
letter  E*  stands  for  a  quantity  called  coefficient  of  elasticity  for 
shear;  it  is  analogous  to  the  coefficient  of  elasticity  for  tension  and 
compression  (E),  Art.  95.  The  values  of  E'  for  a  few  materials 
average  about  as  follows  (roughly  E'  =  |  E) : 
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For  8tce],  ll,Ot)0,nno  fioumlM  \^t  tM|uarv  inch. 

For  Wrought  iron,  KMOMXin        *♦  ..         -  m 

For  Caat  iron,  0,on(\nflO       ♦*         •• 

Kxampli\  What  is  the  value  of  the  aii^K*  of  torsion  of  a 
steel  shaft  (M)  feet  lonjy  when  transmitting  r),(HH)  horst*.{>ower  at 
50  revolutions  {M*r  minute,  if  the  shaft  is  hollow  and  its  outer  and 
inner  diameters  are  10  and  8  inches  resjjeetively  \ 

Here  /  -■-  720  inches;  hence,  substituting  in  the  appropriate 
formula  (IIM,  we  tind  that 

30,800,000  X  0,000  x  'S'20 

"     ii,(HKMHHrx"^io*  rs*75o     **•'  <J^^^*^. 

EXAMPLE  FOR  PRACTICE. 

Suppose  that  the  first    two  pulleys  in   Fig.  64  are  12  feet 

apart;  tliat  thediameter  of  the  shaft  is  2  inches;  and  that  P,    —.  400 

})ound8,  and  <r,  -     15  inches.     If  the  shaft   is  of  wrought   iron, 

what  is  the  value  of  the  angle  of  torsion    for  the  {lortion   between 

the  first  two  pulleys? 

Ans.     3.15  degrees. 

99.     Non-«lastlc  Deformation.     Tlie  preceding  formulas  for 

elongation,  defle(*tion,  and  twist  hold  only  so  long  as  the  greatest 

unit-stress  does  not  exctHnl  the  elastic  limit.     Tlien^  is  no  thtH>ry, 

and  no  formula,  for  nonelai^tic  deformations,  those  corn*sponding 

to  stresses  which  cxcwmI  the  elastic  limit.     It  is  well  known,  how- 

ever,  that  non -elastic  deformations  are  not   projiortional   to  the 

forces  producing  them,  but   increase  much  faster  than  the  Itmds. 

Tlie  value  of  the  ultimate  elongation  of  a  nnX  or  Imr  (that  is,  the 

amount  of  elongation  at  rupture),  is  quite  well  known  for  many 

materials.     This  elongation,  for  eight  inch  sjHvimens  of  various 

materials  (set*  Art.  1»*m,  is  : 

For  CaHt  iron,  atiout  1  por  cent. 
For  Wrought  irt»n  i|>Ut«*»«).  12  -  15  per  rf»nt 
For         ••  •*       (Ur>u2(:)-25    ••      -   . 

For  Struriural  nt*H»l.  22  -  W    ^      **    . 

Specimens  of  iluctile  materials  (jiuch  an  wrought  iron  and 
structural  htet*l  t,  when  pulltMl  to  destructittn,  neck  down,  that  is, 
diminish  verv  ct»nsideral»ly  in  crt^ss  s^vtion  at  some  place  along 
the  length  of  the  s|)ecimen.     The  dt*c*reas(«  in  cross  sectional  area 
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iB  known  as  reduction  of  area,  and  its  value  for  wrought  iron  and 
steel  may  be  as  much  as  50  per  cent. 

RIVETED  JOINTS. 

loo.  Kinds  of  Joints.  A  lap  Joint  is  one  in  which  the 
plates  or  bars  joined  overlap  each  other,  as  in  Fig.  58,  a,  A  butt 
Joint  is  one  in  which  the  plates  or  bars  that  are  joined  butt  against 
each  other,  as  in  Fig.  58,  h.    The  thin  side  plates  on  butt  joints 


o 


Fig.  58. 

are  called  cover-plates ;  the  thickness  of  each  is  always  made  not 
less  than  one-half  the  thickness  of  the  main  plates,  that  is,  the 
plates  or  bars  that  are  joined.  Sometimes  butt  joints  are  made 
with  only  one  cover-plate;  in  such  a  case  the  thickness  of  the 
cover-plate  is  made  not  less  than  that  of  the  main  plate. 

When  wide  bars  or  plates  are  riveted  together,  the  rivets  are 
placed  in  rows,  always  parallel  to  the  "  seam  "  and  sometimes  also 
perpendicular  to  the  seam;  but  when  we  speak  of  a  row  of  rivets, 
we  mean  a  row  parallel  to  the  seam.  A  lap  joint  with  a  single 
row  of  rivets  is  said  to  be  sins^le-riveted ;  and  one  with  two  rows 
of  rivets  is  said  to  be  double-riveted.  A  butt  joint  with  two  rows 
of  rivets  (one  on  each  side  of  the  joint)  is  called  "  single-riveted," 
and  one  with  four  rows  (two  on  each  side)  is  said  to  be  "double- 
riveted." 

The  distance  between  the  centers  of  consecutive  holes  in  a 
row  of  rivets  is  called  pitch. 

loi.  Shearing  Strength,  or  Shearing  Value,  of  a  Rivet. 
When  a  lap  joint  is  subjected  to  tension  (that  is,  when  P,  Fig.  58, 
a,  is  a  pull),  and  when  the  joint  is  subjected  to  compression  (when 
P  is  a  push),  there  is  a  tendency  to  cut  or  shear  each  rivet  along 
the  surface  between  the  two  plates.    In  butt  joints  with  two  cover- 
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platt'H,  then*  iH  a  tendenoy  to  cut  or  nhfar  rii^h  rivet  on  two  sur- 
facfH  (HtH*  Fip.  5^,  b).  llifrrforo  tho  rivftn  in  tht»  lap  j<Mnt  are 
said  to  Ik*  in  sing^le  shear;  and  those  in  the  butt  joint  (tuoroverd) 
art*  Baid  to  Ik*  in  double  shear. 

The  ••nhearin^  value  "of  a  rivet  nieann  the  n*Hiritance  which 
it  can  safely  offer  to  forces  tending  to  shear  it  on  it8  cross-8**ction. 
Tills  value  de|N*ndson  the  an*a  of  the  cniss- sect  ion  and  on  the  work- 
ing stHMi^th  of  the  material.  Ix*t  *i  denote  the  diaiii(*ter  of  the 
cross,  sect  ion,  and  S,  the  shearing  working  stn*n^th.  Tlien,  since 
the  an»a  of  the  crt)ss.8tH»tion  iHjuals().7sr)4  if\  the  shearing  8tn*n^h 
of  one  rivet  is  : 

Kominglf  shear,  0.78r>l  (P  8.  . 

For  double  shear,  Hum  tP  S,  . 

loa.  Bearing:  Strenfcth,  or  Bearing:  Value,  of  a  Plate.  When 
a  joint  is  suhjecttMl  to  tension  or  conipn»ssion,  eaeh  rivet  presses 
apiinst  a  ]Mirt  of  the  sides  of  the  holes  throu^di  \\hieh  it  {Misses. 
Hy  **  )H*arin^  value**  of  a  plate  (in  this  co.tntH*tion)  ib  meant  the 
pn*ssun*,  exerttnl  liy  a  rivet  against  the  side  of  a  hole  in  tlie  plate, 
wJiich  th(*  plate  can  safely  stami.  Tliis  value  (h*|N*nds  c»n  the 
thickness  of  the  plate,  (»n  the  <iiameter  of  tht*  rivet,  and  on  the 
compressivt*  working  strength  of  the  plate.  Kxactly  luiw  it 
de|N*nds  on  th(*Si*  tlinn*  (pialities  is  mit  known;  hut  the  U*arin^ 
value  is  alwavH  cnmputcMl  from  the  e\pressi<»n  f  *l  S^,  whenMU  / 
denotes  the  thickness  of  tlu»  plate;  #/,  the  diamettT  i»f  the  rivet  or 
hole;  and  S^,  the  working  strength  of  tlie  plate. 

103.  Frictional  Strenfcth  of  a  Joint.  ^Vhen  a  joint  is  sub. 
j(*cttHl  to  tt*nsion  or  compn^s^ion,  tliere  is  a  tt*ndency  to  slip{ia^* 
U*twtvn  the  faces  of  the  plates  of  the  joint.  Tliis  tendency  is 
overc(»mt»  wholly  or  in  jiart  hy  frictional  resistance  U'tweeii  the 
plates.  Tlie  frictional  n*sistance  in  a  well -made  joint  may  In* 
very  lar^*,  for  rivets  an*  put  into  a  joint  hot,  and  art*  headed  or 
capped  lH*fon*  lM*in^  c(»ole<l.  In  ciNilin^  thev  contract,  dniwin^  the 
plateii  of  the  joint  tightly  against  each  otiier,  and  pniducing  a 
gn*at  pressurt*  lK*twi»««n  them,  which  gives  the  joint  a  corn*spond. 
ingly  large  frictional  stri*ngtli.  It  is  the  opinion  of  s<mi«*  that 
all  well-made  joints  |ierfi»rm  their  service  by  means  of  their 
frictional  strength;  that  is  to  say,  tht*  rivets  act  only  by  prt*s8ing 
the    plates    together   and    are   not    under    slurring    stress,    nor 
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are  the  plates  under  compression  at  the  sides  of  their  holes.  The 
"  frictional  strength  "  of  a  joint,  however,  is  usually  regarded  as 
uncertain,  and  flrenerally  no  allowance  is  made  for  friction  in  com- 
putations on  the  strength  of  riveted  joints. 

104.  Tensile  and  Compressive  Strength  of  Riveted  Plates. 
The  holes  punched  or  drilled  in  a  plate  or  bar  weaken  its  tensile 
strength,  and  to  compute  that  strength  it  is  necessary  to  allow  for 
the  holes.  By  net  section,  in  this  connection,  is  meant  the  small- 
est  cross-section  of  the  plate  or  bar  ;  this  is  always  a  section  along 
a  line  of  rivet  holes. 

If,  as  in  the  foregoing  article,  t  denotes  the  thickness  of  the 
plates  joined  ;  ^/,  the  diameter  of  the  holes;  ??„  the  number  of  riv- 
ets in  a  row  ;  and  u\  the  width  of  the  plate  or  bar;  then  the  net 
section  =  (^«  —  n^d)  t. 

Let  S^  denote  the  tensile  working  strength  of  the  plate  ;  then 
the  strength  of  the  unriveted  plate  is  wtS^^  and  the  reduced  tensile 
strength  is  [za  -  n^d)  t  S^. 

The  compressive  strength  of  a  plate  is  also  lessened  by  the 
presence  of  holes  ;  but  when  they  are  again  filled  up,  as  in  a  joint, 
the  metal  is  replaced,  as  it  were,  and  the  compressive  strength  of 
the  plate  is  restored.  No  allowance  is  therefore  made  for  holes  in 
figuring  the  compressive  strength  of  a  plate. 

105.  Computation  of  the  Strens^th  of  a  Joint.  The  strength 
of  a  joint  is  determined  by  either  (1)  the  shearing  value  of  the 
rivets;  (2)  the  bearing  value  of  the  plate;  or  (3)  the  tensile 
ctrength  of  the  riveted  plate  if  the  joint  is  in  tension.  Let  P,  de- 
note the  strength  of  the  joint  as  computed  from  the  shearing 
values  of  the  rivets  ;  P^,  that  computed  from  the  bearing  value  of 
the  plates  ;  and  P^,  the  tensile  strength  of  the  riveted  plates. 
Then,  as  before  explained, 

P,=  [v,  -  »,d)  tS,;  ) 

P^^  »,  0.7854  (PS,;  and    V  (20) 

P,=  rr/dS,  ;  ) 

11^  denoting  the  total  number  of  rivets  in  the  joint  ;  and  v^  denot- 
ing the  total  number  of  rivets  in  a  lap  joint,  and  one-half  the 
number  of  rivets  in  a  butt  joint. 

Examples,     1.     Two  half -inch  plates  7^  inches  wide  are  con- 
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nected  by  a  Hin^Ie  lap  joint  douhle-rivotcHi,  nix  rivets  in  two  rows. 
If  the  dianiettT  of  the  riwttt  is  •[  inc*h,  and  tho  working  streogtht 
an»  as  follows  :  S.  rj,(MM),  S,  :  IJtiHl  nnd  S,  -^  15,00<)  pounds 
p(*r  Hqnart*  inch,  what  in  the  safo  tension  which  the  joint  can 
trannniit  / 

lien*  w,    -  l\  W|~-  0,  and  w,       ♦>  ;  hencv 

1  *i  1 

Pi       (7  o—  ^  >^    !j  )  X   -2"  ^  12.000  =  31,500  poundi; 

*\ 
P.      •>  >:    ).7sri4    -    (  *   )'  ^    7,r)(H)  =     19,S80  jwunds ; 

l\  -    ♦»   •     o    X  -J  X  ir>,(MK)  r.  :J3,750  |K)und8. 

Since  I\  is  the  least  of  these  thni»  vahieH,  the  strength  of  ihe 
joint  d(*|M*nds  on  the  shearing  value  of  its  rivets,  and  it  equals 
11«,SS()  jHmnds. 

2.  Su|»|M>Si*  that  the  jilates  descril>ed  in  the  prt«i*eding example 
are  jointnl  by  means  of  a  butt  joint  (two  cover-plates),  and  12 
rivets  an*  ustnl,  U^ing  8|»actHi  as  In^fore.  What  is  the  safe  tensiu:. 
which  the  joint  can  lH*ar  ( 

Here  /i,  =-  8,  w,  =--  12,  and  w,  <»;  henct»,  as  in  the  preced- 
ing example, 

1\        :n.5(M);  and  l\        Xl^Tt^)  |Hmnds;  but 

P.  --:  12  ^    ().7sr>l    .    {-    y    .    7.ri(M)  r-  30,760  iKiunda 

The  stn*ngth  t^juals  .'U.^iN)  pMinds,  and  the  joint  is  stronger  than 
the  first. 

.S.  SupjK>s*»  Miat  in  the  preitnling  example  the  rivets  are 
arrangt^ii  in  rows  jf  two.  What  is  the  tensile  stn*ngth  of  tb« 
joint  i 

Here  /#,  2  u.  12,  and  u^  (»;  hence,  as  in  the  preced- 
ing  example, 

]\        :r.i,7r»0;  iinii  \\        :{;i,7o()  jwunds;  but 

1\  --  (7   \      2  -    'l)  A  y  12,(MH)  r=  :H*.,000  iKiundt. 

The  stri«ngth  e<{uals  33,7«'>n  |M»unds.  and  this  joint  is  stronger  than 
either  of  the  first  two. 
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EXAMPLES  FOR  PRACTICE. 

Note.    Use  working  strengths  as  in  example  1,  above. 

St  =  12,000,  S,  =  7,500,  and  So  =  15,000  pounds  per  square  inch. 

1.  Two  half-inch  plates  5  inches  wide  are  connected  by  a 
lap  joint,  with  two  |-inch  rivets  in  a  row.  What  is  the  safe 
strength  of  the  joint  ? 

Ans.     6,625  pounds. 

2.  Solve  the  preceding  example  supposing  that  four  |.incb 
rivets  are  used,  in  two  rows. 

Ans.   13,250  pounds. 

3.  Solve  example  1  supposing  that  three  1-inch  rivets  are 

used,  placed  in  a  row  lengthwise  of  the  joint. 

Ans.   17,670  pounds. 

4.  Two  half-inch  plates  5  inches  wide  are  connected  by  a 
butt  joint  (two  cover-plates),  and  four  |-incn  rivets  are  used,  in 
two  rows.     What  is  the  strength  of  the  joint  ? 

Ans.     11,250  pounds. 

io6.  Efficiency  of  a  Joint.  The  ratio  of  the  strength  of  a 
joint  to  that  of  the  solid  plate  is  called  the  "  efficiency  of  the 
joint."  If  ultimate  strengths  are  used  in  computing  the  ratio, 
then  the  efficiency  is  called  ultimate  efficiency;  and  if  working 
strengths  are  used,  then  it  is  called  working  efficiency.  In  the 
following,  we  refer  to  the  latter.  An  efficiency  is  sometimes  ex- 
pressed as  a  per  cent.  To  express  it  thus,  multiply  the  ratio 
strength  of  joint  s-  strength  of  solid  plate  ^  by  100. 

Example.  It  is  required  to  compute  the  efficiencies  of  the 
joints  described  in  the  examples  worked  out  in  the  preceding  article. 

In  each  case  the  plate  is  ^  inch  thick  and  1\  inches  wide; 
hence  the  tensile  working  strength  of  the  solid  plate  is 

-i-  X  \-  X  12,000  =  45,000  pounds. 

Therefare  the  efficiencies  of  the  joints  are  : 
^^      19,880       f,tA      \a 

c-^)    i-S  ==  ^- '^'  ""'  '^  ^'  '''''' 

(^)      45^000  ^  ^•~^'  ""■  '^^  P®"*  *'®°*' 


128 


REVIEW  QUESTIONS 


120 


REVIEW  QUESTIONS 

ON  THK  8lBJtXT  Of 

STRUCTURAL  DRAFTING 

PART  I 


1.  Define  engineer  of  plant,  chief  draftsman ,  squad  boss^  and 
tracers,  and  give  their  duties. 

2.  How  18  the  work  handled  in  a  drafting  room? 

3.  Describe  the  "la>'ing  out**  of  a  plate. 

4.  Give  briefly  the  methods  of  ordering  of  material. 

5.  Show  method  of  making  allowances  for  angle  l)ends. 

6.  What  are  shop  bills? 

7.  Make  a  straight  line  alphal)et  and  show  l>y  arrows  how 
the  several  strokes  should  l>e  made. 

8.  What  abbreviations  are  u?mm1  in  making  drawings?    Give 
them. 

9.  Show  correct  and  incorrect  methcMis  of  making  arrow 
beads. 

10.  Show  correct  and  incorrect  mcthtxls  of  placing  dimensions. 

11.  How  are  field  rivets  detailed? 

12.  Give  an  example  of  material  notation  for  angles,  plates, 
and    I-beanis. 

13.  Give  the  conventional  rivet  signs. 

14.  What  is  the  minimum  spacing  for  ]-  and  {-inch  rivets? 

15.  What  are  gauge  lines? 

16.  What  are  "crimped**  angles,  and  what  is  the  rule  regard* 
ing  their  rivet  spacing? 

17.  Define  "rivet  grip**. 

IR,     Give  several  cases  of  **rivet  clearance**. 

19.     Tell  how  to  detennine  the  value  of  a  rivet  In  tension. 


431 


REVIEW  QUESTIONS 

ON  THE  SUBJECT  OF 

STRUCTURAL  DRAFTING 

PART  II 


1.  Give  the  maximum  and  minimum  spacings  on  one  gauge 
line,  rivets  J  inch. 

2.  Show  how  to  detail  a  clip  angle. 

3.  What  is  a  "working  point"? 

4.  Show  how  to  detail  a  lateral  connection  plate. 

5.  How  are  bevels  indicated? 

6.  Describe  a  beam  sheet.     What  are  its  advantages? 

7.  Define  the  term  "cope". 

8.  Make  sketches  showing  a  12-inch  beam  coped  to  a  9-inch 
beam  flush  at  bottoms. 

9.  What  are  standard  connections? 

10.  Make  a  sketch  of  the  detail  of  the  joint  angle,  of  a  roof 
truss. 

11.  What  information  should  be  on  the  stress  sheet  of  a  plate 
girder? 

12.  Show  with  sketches  the  correct  manner  of  cutting  the 
ends  of  a  diagonal  member. 

13.  How  many  sheets  are  required  to  detail  a  plate  girder 
properly,  and  what  are  they? 

14.  Make  a  sketch  showing  the  cross-section  of  a  plate  girder. 

15.  Give  a  brief  description  of  the  detailing  of  stiffeners. 

16.  Make  a  detail  of  a  web  splice. 

17.  How  close  may  rivets  be  placed  to  stiffener  angles? 

18.  Make  sketch  of  a  cast-steel  bearing. 

19.  What  are  lattice  bars?     How  are  they  detailed? 
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REVIEW  QUESTIONS 

ON  THE  HIBJIXT  t»F 

STATICS 


1.  Di»fino  concurrent  and  non-<H)ncurrcnt  forces,  equilibrant 
and  resultant. 

2.  What  do  you  understand  by  the  'Triangle  law"? 

3.  What  is  the  total  snow  load  for  the  truss  if  the  snow 
weighs  20  |)oun(Ls  ptT  8(iuare  foot  (horizontal)? 

4.  Compute  the  total  wind  ioati  for  the  truss  of  Question 
9,  when  the  wind  IjIows  75  miles  per  hour. 

5.  Make  a  complete  record  of  the  .•*tn*S!*<^  as  determined  in 
answer  to  the  preccnling  (iut\*(tion  for  cast^  a,  b,  and  c,  and  for 
snow  load  as  computcnl  in  answer  to  Question  10.  Compute 
from  the  rerun  1  the  value  of  the  greatest  stn»ss  which  can  come 
u|Nin  each  memiNT  due  to  combinations  of  loads,  assuming  that 
the  wind  and  snow  loads  will  not  act  at  the  same  time. 

().  Find  the  magnitude  of  tht*  n*sultant  of  two  forces  mak* 
ing  an  angle  of  70^  with  each  other,  one  lH*ing  'M)  pounds  and  the 
other  4r>  iK>unds. 

7.  Thi-  lines  of  action  <»f  two  forces  of  i\'t  and  'A'y  pounds, 
res|M'ctivrly,  make  un  an^le  of  12(t^.  Find  the  magnitude  of  the 
force  that  hoMs  them  in  e(]uilibrium.  and  the  angles  that  it  makc*8 
with  each  given  force. 

N.  Draw  a  force  {polygon  for  fivi'  forces  in  (K]uilibrium  and 
prove  that  any  diagonal  of  the  fxilygon  is  the  n*sultant  of  the 
forc(*s  on  one  >ulv  ami  hold>  in  e<|uilibrium  thos4*  on  the  other. 
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REVIEW  QUESTIONS 

ON  THE  SUBJECT  OF 

ROOF  TRUSSES 


1.  Name  and  describe  the  three  classes  of  roof  trusses, 
and  give  a  sketch  of  one  truss  of  each  class. 

2.  Give  a  sketch  of  the  Fink  truss  and  the  modified  Fink 
truss. 

3.  Given  W  =  i  al  (I+tt;)?  compute  the   dead  panel  load 

of  an  eight-panel  Fink  truss  of  80-foot  span,  if  the  distances  between 
trusses  is  20  feet  and  the  roof  covering  is  composed  of  corrugated 
steel. 

4.  Tell  how  a  felt  and  asphalt  roof  is  made  and  laid. 

5.  What  is  a  non-condensation  roofing? 

6.  Design  the  purlins  if  they  are  to  be  spaced  6  feet  apart 
and  the  trusses  are  to  be  spaced  16  feet  apart.  They  are  to  carry 
40  pounds  per  square  foot  of  roof  surface. 

7.  Write  one  page  on  the  economical  pitch  and  spacing 
of  roof  trusses. 

8.  If  the  trusses  are  of  80-foot  span  and  are  spaced  20  feet 
center  to  center,  and  are  eight-panel  Fink,  compute  the  stresses 
in  the  knee-braces  if  they  join  the  columns  8  feet  from  the  top. 
The  columns  are  25  feet  long;  the  normal  wind  pressure  on  the 
roof  is  12  pounds;  the  pitch  of  the  roof  is  J;  the  normal  wind 
pressure  on  the  side  of  the  building  is  25  pounds;  and  the  columns 
are  considered  free. 

9.  In  the  trusses  of  Question  8,  above,  compute  the  bending 
moment  in  the  posts. 

10.  If  in  Question  8,  above,  the  girts  are  placed  4  feet  apart, 
design  them. 

11.  If  a  post  is  25  feet  long,  has  a  total  direct  stress  of  20  000 
pounds  which  acts  at  the  center  of  the  column,  and  a  crane  load 
of  10  000  pounds  which  acts  12  inches  from  the  face  of  the  column, 
design  the  section  of  the  column  if  it  consists  of  four  angles  and 
a  plate. 
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REVIEW  QUESTIONS 

OX  TUL  .<l  BJtXT  i>|- 

STRENGTH  OF  MATERIALS 

PAllT  I 


1.  When  a  J-inrh  round  roil  sustains  a  pull  of  10,000  pounds, 
what  is  the  value  of  the  unit-tensile  stn'ss  in  the  hkI? 

2.  What  do  vou  untlerstanti  l>v  HcH)ke\H  I^w? 

3.  What  are  the  dimensions  of  a  wjuare  white  pine  pout, 
needed  to  supix>rt  a  steady  load  of  r»,r>00  pounds  with  a  factor  of 
safety  of  S? 

4.  How  large  a  ft»rrr  is  reijuired  to  punch  a  1-inch  hoir 
through  a  f-inch  plate  of  wrought  inm.  if  the  ultimate  shearing 
stn»ngth  of  the  material  is  4t».(KK>  ix>umis  |mt  s(|uare  inch? 

5.  Compare  the  ultimate  strmgths  of  wood  along  and 
across  the  grain;  also  the  ultimate  tensile  and  compressive  strengths 
of  cast  iron. 

0.  Make  a  sketeh  of  a  In^am  20  feet  long  resting  on  end 
supports,  and  represent  loads  of  (i.(MH).  a,<NNK  K(NN),  and  4,000 
pounds  at  |X)ints  2,  T),  11,  and  U\  feet  from  the  left  end,  respec- 
tively. What  is  the  value  and  sign  of  the  moment  of  each  of  these 
Ioa<ls  about  the  middle  of  thr  In^am?     Also  a)>out  the  left  end? 

7.  A  lx»am  15  f«»et  long  is  sup|N)rted  at  two  points,  2  feet 
from  the  right  end,  and  .'{  fi^'t  fmm  the  left  end.  If  the  beam 
sustains  a  uniform  load  of  4<n)  fxiunds  |kt  f<M)t,  what  ar«  the 
valutas  of  the  reactions? 

S.  Compute  the  values  of  the  external  shear  and  bending 
moment  for  the  loaded  )x*an)  deseriU^d  in  Question  6,  at  sections 
1,  4,  10,  and  15  U^*i  fnmi  the  left  en<l. 

9.  Draw  shear  and  moment  diagrams  to  scale  for  the  beam 
described  in  Question  7. 

10.  Suppose  a  T-bar  2  inches  d«*ep.  has  a  flange  3  inches 
wide  and  is  J  inch  thick  throughout.  IxH'ate  the  center  of  gravity 
by  computation. 
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REVIEW  QUESTIONS 

ON  THE  SUBJECT  OF 

STRENGTH  OF  MATERIALS 

PART  II 


1.  A  cantilever  beam  6  feet  in  length  projects  from  a  wall 
and  sustains  an  end  load  of  300  pounds.  The  cross-section  being 
as  in  Fig.  38,  find  the  greatest  tensile  and  compressive  unit-stresses 
and  state  where  they  occur. 

2.  An  I-beam  weighing  30  pounds  per  foot,  rests  on  end 
supports  25  feet  apart.  Its  section  modulus  is  20.4 'inches,  and 
its  working  strength  16,000  pounds  per  square  inch.  Calculate 
weight  of  the  beam. 

3.  A  wooden  beam  15  feet  long,  4X14  inches  in  cross- 
section  sustains  a  load  of  4,000  pounds  5  feet  from  one  end,  and 
2,000  pounds  at  the  middle.  Compute  the  greatest  unit  shearing 
stress. 

4.  What  do  you  know  about  radius  of  gyration?  Give  an 
example. 

5.  Find  the  factor  of  safety  of  a  24-inch  80-pound  steel 
I-beam  15  feet  long,  used  as  a  flat-ended  column  to  sustain  a  load 
of  150,000  pounds.     Note— Use  '^Rankine\s  Formula''. 

6.  A  steel  Z-bar  is  20  feet  long  and  has  square  ends;  the 
least  radius  of  gyration  of  its  cross-section  is  3.1  inches,  and  its 
area  of  cross-section  is  24.5  square  inches.  Calculate  the  safe 
load  with  a  factor  of  safety  of  6.  Note — Use  "Rankine's  For- 
mula". 

7.  Make  sketches  of  the  following: 

Lap  joint  single-riveted; 
Lap  joint  double-riveted; 
Butt  joint  single-riveted; 
Butt  joint  double-riveted. 


436 


INDEX 


The  pag€  numher$  of  Mm  mlume  will  ht  fouml  at  the  hoU&m  cf  ik§  po^m; 
ths  numhtri  at  the  top  refer  only  to  the  teium. 


Paico 

pnc» 

A 

Coefficient  of  ebaticity 

417 

Ahbrrvmtion  utaiKlanU 

m 

for  ahear 

422 

AliP^irair  romiicMiit  ion 

(^oeffiritmt  of  linear  expaiwion 

410 

o(  ixmruiTPnt  forroH 

\M 

Column  formulas 

of  iMm-<*onrum*nt  forri»?i 

17H 

Kr&phical  repraentatioii  of 

300 

Alfc«*t»rair  rotnlitioiM  (»f  (Hpiilihhum 

Ut> 

Rankine's 

304 

AdrIp  of  tomion 

422 

Column  loaclii,  kinds  of 

304 

AnitU*  of  twint 

422 

Columns 

A|m*x  lomln.  roinputation  of 

laO 

classes  of 

302 

AppliratiotM  of  firet  (M*am  formula 

3<U> 

cross  sections  of 

303 

desifm  of 

40S 

B 

rnd  c«m«litions  of 

301 

limuii  formula 

ittn*nf[th  of 

301 

finit 

atV) 

(^)mhination  column  formulas 

400 

WTTond 

37« 

(\»iiibine«l  fiexural  and  direct  strets 

380 

IW'amA 

32:> 

( \>m|MHi(*nts  and  resolution 

133 

(l4*ni*rtion  of 

4-20 

(  onipfpsKion,  materials  in 

317 

nt  ifTtKfw  of 

4  It) 

(  ompmwive  strength  of  rivetad  pUtat  426 

lioahfiK  iitn*nKth  of  a  plata 

42:> 

( *ont  inuous  beam 

325 

Hc^iKlitiK.  allowati(*«*ii  for 

•21) 

(  \Hlpl«<S 

\fO 

I)m<linic  moment                           32<>:i:iS 

( \ivor-plates 

424 

maximum 

:i  !«*) 

Cum»nt  forces 

132 

Roltji,  mitM,  an<i  waMlirm 

r>i 

ikl|Crl>raic  com|M)sition  of 

136 

lirirk.  ultimat«*  ntntiKih  of 

:ii«» 

in  (Kpiilibrium 

143 

Iirokt*n  fttraifcht-lini*  f«»niialii 

407 

KfAphiral  composition  of 

133 

Built-up  i«iM*tioiiii,  iiiomeiit  of  itirrtiu 

of  3.V*» 

Butt  joint 

424 

D 

I)i*im1  loAil  St  nils 

105 

C 

I  )eflcci  ion  of  lM*ams 

430 

Cap  firtailii 

•2:j 

IVffkniiAtion 

308 

Cant  iron 

I)i*HiKn  of 

in  ti*nMon 

:ii7 

columns 

408 

in  compmwion 

:u'» 

timlMT  lieams 

382 

Cmt<T  of  p'avity  of  an  an*a 

:i47 

iVtail  pnjMT 

10 

Cmtpr  f>f  p-ttvity  of  )>uilt-up  ms-titmit  iiV) 

iVtailinK.  fteneral  instructions 

45 

(^mtrallv  loafl(*«l  rt>tumn 

a*M 

al>bn»viations 

40 

CKh^  fIraftMnnn 

12 

U)Its.  nutl^  an«l  washers 

64 

Clearanrv 

t;<) 

v\n*skTva\ct'n 

60 

Sote. — /*«>r  poffr  MM  Ml  f>rra  tte  ftmt  of  pag€%. 


4d7 


INDEX 


Page 

Page 

Detailing,  general  instructions  (con 

- 

Elasticity 

308 

tinued) 

End  conditions  of  column 

391 

dimensions  and  material  notation 

50 

Engineer 

lettering 

45 

drafting 

112 

rivets  and  rivet  spacing 

55 

erection,  facilitation  of 

122 

tension  members 

67 

Equilibrium 

Detailing  methods 

75 

algebraic  conditions  of 

146 

angles 

75 

condition  of,  de&ned 

143 

beams 

82 

graphical  condition  of 

143 

built-up  tension  members 

122 

Equilibrium  and  equilibrant 

133 

compression  members 

121 

Equilibrium  of  non-concurrent  forces 

180 

facilitation  of  erection 

122 

determination  of  reactions 

181 

plate  girder  spans 

97 

Euler  formulas 

400 

bearings 

119 

External  shear 

320 

cover  plates 

115 

cross  frames 

115 

F 

fillers 

110 

Factor  of  sJEifety 

312 

flange  angles 

110 

Fiber  stresses                                  361-363 

lateral  systems 

117 

Fink  truss,  complete  analysis  of 

194 

stiffcncrs 

108 

First  beam  formula 

365 

web  splices 

109 

Flexm-al  stress 

385 

webs 

109 

Flexure  and  compression 

387 

plates 

76 

Flexure  and  tension 

385 

roof  trusses 

91 

Formula  for  power  which  shaft  can 

structural  shape  combinations 

81 

transmit 

415 

Direct  stress 

385 

Formula  for  strength  of  shaft 

413 

Double  shear 

425 

Frictional  strength  of  joint 

425 

Drafting-room  equipment  and  practice  1 1 

Force 

assignment  of  work 

13 

algebraic  resolution,  into  two  com- 

classification of  drawings 

11 

ponents 

141 

drafting  materials 

16 

components  and  resolution 

133 

detail  paper 

19 

concurrent 

132 

instruments 

16 

definition  of 

129 

tracing  cloth 

20 

equilibrium  and  equilibrant 

133 

drafting-room  personnel 

12 

graphic  representation  of 

130 

chief  draftsman 

12 

graphical  resolution  into  two  con- 

engineer 

12 

current  components 

140 

squad  boss 

12 

non-concurrent 

133 

tracers 

12 

notation 

131 

ordering  of  material 

22 

resultant  and  composition 

133 

records 

14 

scales 

131 

stress  sheet 

21 

space  diagram 

131 

E 

Force  diagram 

131 

Force  polygon 

137 

• 

Eccentrically  loaded 

394 

Forces   in   tension   and   compression 

EflBciency  of  a  joint 

42S 

members 

188 

Elastic  limit 

309 

Fr.aser  electric  elevator 

47 

Note. — For  page  nuynbers  see  foot  of  pages. 


438 


Graphical  composition  of  non-concur- 

rent  forces  I 

Graphical  condition  of  equilibrium       1 
Graphical   reprcsfTiiniion  of  column 

forniuliis  < 

Graphical  T(iprf«cjiiiiioTi  of  a  force         1 
Graphical  rfsolulion  of  forri'  into  two 
concurrent  components         1 

H 


Inclined  forcea 


Joint 

efficiency  of 
frictional  strength  of 


Lap  joint 

Laws  of  strength  of  beams 

Lettering 

Liinear  expansion,  coefficient  of 

Longitudinal  forces 

M 
Main  plates 
Material,  ordering  of 

bending  allowance 

layout 

pin  material  allowance 

planing  and  cutting  allowance 

shop  bills 
Materiab 


Maximum  bending  n 
Maximum  shear 
AIotaJB  in  shear 
Mill  building 

columns 

cornice  details 

definitions  and  descriptioi 

framing 
gable  details 

general  requirements 

knee-bracea 

layout 

runway  girders 

types  of  buildings 

ventilalora 
Modulus  of  rupture 
Moment  diagrams 
Moment  of  a  force 
Momfint  of  inertia 

of  built-up  sections 

of  a  rectangle 

unit  of 
Moments,  principle  of 

N 

Neutral  axis 
Neutral  line 

Neutral  surface 

Non -clastic  dpformatioii 


ulR.-l, 


iiilib 


:omposil 
not 


Parabola — Euler  formulas 
Pin  material,  allowances  for 
Planing  and  cutting,  allowan<^ 

Principle  of  moments 

applied  to  areas 
PurUns 


—For  page  number. 


•  foot  of  page*. 


INDEX 


Page 

Rankine's  column  formula  394 

Reactions  of  supports  320 

Rectangle,  moment  of  inertia  of  354 

Reduction  formula  354 

Resisting  moment  363-413 

value  of  364 

Resisting  shear  379 

Restrained  beam  325 

Resultant  and  composition  133 

Rivet,  shearing  strength  of  424 

Rivet  spacing  55 

Rivets  55 

Riveted  joints  424 

Riveted  roof  truss,  design  of  253 

design  of  compression  members      257 

design  of  the  purlins  254 

design  of  tension  members  256 

detail  drawing  265 

estimate  of  cost  269 

top  and  bottom  lateral  bracing       261 

Rods,  stiffness  of  416 

Roof  coverings  149,  212 

concrete  slabs  218 

corrugated  steel  216 

felt  and  asphalt  218 

felt  and  gravel  219 

non-condensing  219 

sheathing  213 

sheet  metal  219 

shingles  115 

skylight  glass  114 

slate  113 

tin  114 

Roof  trusses  207-302 

bracing  223 

classes  of  207 

design  of  riveted  roof  truss  253 

details  of  240 

economical  spacing  and  pitch  of      224 

mill  building  270 

physical  analysis  of  209 

rafters  and  purlins  220 

roof  coverings  112 

sp)ecifications  for  248 

steel  truss-bent  232 

stresses  in  roof  trusses  226 

suspended  loads  239 

Note. — For  page  numbers  see  foot  of  pages. 


Page 

Roof  strusses  (continued) 

weights  of  149,  212 

wind  pressure  and  snow  loads  210 

Rule  of  signs  329-338 


S 


Safe  load  of  a  beam 

377 

Safe  strength  of  a  beam 

377 

Second  beam  formula 

379 

Section  modulus 

365 

Shafts 

stiffness  of 

416 

strength  of 

411 

twist  of 

422 

twisting  moment  of 

411 

Shear  diagrams 

333 

Shear  stress 

306 

Shearing  strength  of  rivet 

424 

Shears,  units  for 

330 

Sheathing 

150 

Shop  bills 

27 

Signs,  rule  of 

329-338 

Simple  beam 

325 

Simple  stress 

305 

Single  shear 

425 

Snow  loafls 

150 

analysis  for 

168 

Space  diagram 

131 

Squad  boss 

12 

Statics 

129-204 

Steel  in  compression 

318 

Steel  in  tension 

316 

Stiffness  of  rods,  beams,  and  shafts      416 

Stone,  ultimate  strength  of  319 

Straight-line  fonnultis  400 

Strength  of  beams  358 

laws  of  377 

Strength  of  columns  391 

Strengtli  of  joint,  computation  of  426 

Strengt  h  of  shaf t  s  411 

Stress-deformation  diagram  310 

Stress  diagrams  lOO 

Stress,  kinds  of  300 

Stress  records  1G4 

Stress  sheet  21 
Structural  drafting                              11-123 

detailing,  general  instructions  45 


440 


